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Many hints of LFU violation, especially in B decays

First addressed using EFTs with four fermion operators

A particularly good (single mediator) UV completion 
is a TeV-scale vector-leptoquark                         , 
which couples dominantly to the third generation

U1 ! (3,1, 2/ 3)
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Motivation

The charge current anomalies point to the TeV scale, so 
collider searches must go beyond EFT

We argue that this U1 Vector Leptoquark can not be the only 
new TeV scale vector in realistic extensions of the SM
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Further TeV Scale Vectors?

There are two basic classes of UV theories which can provide 
new vectors, gauge models and composite models

1. Gauge Models 
- the U1 is a massive gauge boson from a spontaneously 

broken gauge symmetry
- closure of the algebra and pheno requires further vectors

2. Composite Models
- U1 is a bound state of conÞned particles
- these conÞned particles will have further resonances
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Further TeV Scale Vectors in Gauge Models

The U1 leptoquark has Lagrangian terms
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! SM
R =

!

"
"
#

dr
R

dg
R

db
R

eR

$

%
%
&

<latexit sha1_base64="Cm+kb0tmV2a50Ea1X803aKIfDHo="></latexit><latexit sha1_base64="Cm+kb0tmV2a50Ea1X803aKIfDHo="></latexit><latexit sha1_base64="Cm+kb0tmV2a50Ea1X803aKIfDHo="></latexit>

( R =  ̃SM
R + NP

R )
<latexit sha1_base64="hmLFl1z7imQxWzBye4ixLPfB2BU="></latexit><latexit sha1_base64="hmLFl1z7imQxWzBye4ixLPfB2BU="></latexit><latexit sha1_base64="hmLFl1z7imQxWzBye4ixLPfB2BU="></latexit>
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Further TeV Scale Vectors in Gauge Models

The U1 leptoquark has Lagrangian terms

This will be generated from

Assuming no SM-NP fermion mixing

LNP � gup
2
Uµ,↵
1

h
�R!

SM
R T↵

+�
µ! SM

R

i
+ h.c.

<latexit sha1_base64="PqSZC1lTkhgEOg0cZKWqp/IdbWs="></latexit><latexit sha1_base64="PqSZC1lTkhgEOg0cZKWqp/IdbWs="></latexit><latexit sha1_base64="PqSZC1lTkhgEOg0cZKWqp/IdbWs="></latexit>

L NP !
gu"

2
Uµ, !

1

!
! ij

L qi, !
L " µ #j

L + ! ij
R d

i, !
R " µ ej

R

"
+ h.c.

<latexit sha1_base64="aVtxdgpZMHud6koihFwkWKbU4Z0="></latexit><latexit sha1_base64="aVtxdgpZMHud6koihFwkWKbU4Z0="></latexit><latexit sha1_base64="aVtxdgpZMHud6koihFwkWKbU4Z0="></latexit>

Tr
+ =

!

"
"
#

0 0 0 1
0 0 0 0
0 0 0 0
0 0 0 0

$

%
%
&

<latexit sha1_base64="Lkj/11UD7ZDqET49+VNcPW/ZU38="></latexit><latexit sha1_base64="Lkj/11UD7ZDqET49+VNcPW/ZU38="></latexit><latexit sha1_base64="Lkj/11UD7ZDqET49+VNcPW/ZU38="></latexit>

GNP
<latexit sha1_base64="IFO8XlFcEA2DYil14F/P6jCvBwE=">AAACA3icdVDLSsNAFJ3UV62vqks3g0VwFVIp1O6KLnQlFYwtpKFMppN26OTBzI1YQ7b+gVv9AVfi1g9x74c4bSO0ogcuHM65l3vv8WLBFVjWp1FYWl5ZXSuulzY2t7Z3yrt7typKJGU2jUQkOx5RTPCQ2cBBsE4sGQk8wdre6Hzit++YVDwKb2AcMzcgg5D7nBLQknPR6wK7h/SqlfXKlappTYEts6FRr+WkUcU/VgXlaPXKX91+RJOAhUAFUcqpWjG4KZHAqWBZqZsoFhM6IgPmaBqSgCk3nZ6c4SOt9LEfSV0h4Kk6P5GSQKlx4OnOgMBQ/fYm4l+ek4B/6qY8jBNgIZ0t8hOBIcKT/3GfS0ZBjDUhVHJ9K6ZDIgkFndLCFuCjh6w0H8v/xD4xG6Z1Xas0z/J8iugAHaJjVEV11ESXqIVsRFGEntAzejEejVfjzXiftRaMfGYfLcD4+AY7pZkb</latexit><latexit sha1_base64="IFO8XlFcEA2DYil14F/P6jCvBwE=">AAACA3icdVDLSsNAFJ3UV62vqks3g0VwFVIp1O6KLnQlFYwtpKFMppN26OTBzI1YQ7b+gVv9AVfi1g9x74c4bSO0ogcuHM65l3vv8WLBFVjWp1FYWl5ZXSuulzY2t7Z3yrt7typKJGU2jUQkOx5RTPCQ2cBBsE4sGQk8wdre6Hzit++YVDwKb2AcMzcgg5D7nBLQknPR6wK7h/SqlfXKlappTYEts6FRr+WkUcU/VgXlaPXKX91+RJOAhUAFUcqpWjG4KZHAqWBZqZsoFhM6IgPmaBqSgCk3nZ6c4SOt9LEfSV0h4Kk6P5GSQKlx4OnOgMBQ/fYm4l+ek4B/6qY8jBNgIZ0t8hOBIcKT/3GfS0ZBjDUhVHJ9K6ZDIgkFndLCFuCjh6w0H8v/xD4xG6Z1Xas0z/J8iugAHaJjVEV11ESXqIVsRFGEntAzejEejVfjzXiftRaMfGYfLcD4+AY7pZkb</latexit><latexit sha1_base64="IFO8XlFcEA2DYil14F/P6jCvBwE=">AAACA3icdVDLSsNAFJ3UV62vqks3g0VwFVIp1O6KLnQlFYwtpKFMppN26OTBzI1YQ7b+gVv9AVfi1g9x74c4bSO0ogcuHM65l3vv8WLBFVjWp1FYWl5ZXSuulzY2t7Z3yrt7typKJGU2jUQkOx5RTPCQ2cBBsE4sGQk8wdre6Hzit++YVDwKb2AcMzcgg5D7nBLQknPR6wK7h/SqlfXKlappTYEts6FRr+WkUcU/VgXlaPXKX91+RJOAhUAFUcqpWjG4KZHAqWBZqZsoFhM6IgPmaBqSgCk3nZ6c4SOt9LEfSV0h4Kk6P5GSQKlx4OnOgMBQ/fYm4l+ek4B/6qY8jBNgIZ0t8hOBIcKT/3GfS0ZBjDUhVHJ9K6ZDIgkFndLCFuCjh6w0H8v/xD4xG6Z1Xas0z/J8iugAHaJjVEV11ESXqIVsRFGEntAzejEejVfjzXiftRaMfGYfLcD4+AY7pZkb</latexit>

Introduced 6 Generators, e.g.,! SM
R =

!

"
"
#

dr
R

dg
R

db
R

eR

$

%
%
&

<latexit sha1_base64="Cm+kb0tmV2a50Ea1X803aKIfDHo="></latexit><latexit sha1_base64="Cm+kb0tmV2a50Ea1X803aKIfDHo="></latexit><latexit sha1_base64="Cm+kb0tmV2a50Ea1X803aKIfDHo="></latexit>

( R =  ̃SM
R + NP

R )
<latexit sha1_base64="hmLFl1z7imQxWzBye4ixLPfB2BU="></latexit><latexit sha1_base64="hmLFl1z7imQxWzBye4ixLPfB2BU="></latexit><latexit sha1_base64="hmLFl1z7imQxWzBye4ixLPfB2BU="></latexit>
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Closure of the algebra means that             must also be 
proportional to a generator

[T↵
+ , T

�
�]

<latexit sha1_base64="eNjHUMxefO6V2Wl4VgplSow8d/M=">AAACEXicdVDLSgNBEJz1GeMr6sGDl8EgCGrYlUDMRQJePEZITCBZl97JJBky+2CmV4ghf+EfeNUf8CRe/QLvfoiTh5CIFjQUVd10d/mxFBpt+9NaWFxaXllNraXXNza3tjM7u7c6ShTjVRbJSNV90FyKkFdRoOT1WHEIfMlrfu9q5NfuudIiCivYj7kbQCcUbcEAjeRl9huVuybIuAveySk13OcI3pnrZbJOzh6D2rmiQSE/JUWH/lhZMkXZy3w1WxFLAh4ik6B1w7FjdAegUDDJh+lmonkMrAcd3jA0hIBrdzB+YEiPjNKi7UiZCpGO1dmJAQRa9wPfdAaAXf3bG4l/eY0E2xfuQIRxgjxkk0XtRFKM6CgN2hKKM5R9Q4ApYW6lrAsKGJrM5rag6D0M07Ox/E+q57lizr7JZ0uX03xS5IAckmPikAIpkWtSJlXCyJA8kWfyYj1ar9ab9T5pXbCmM3tkDtbHNzbsnTs=</latexit><latexit sha1_base64="eNjHUMxefO6V2Wl4VgplSow8d/M=">AAACEXicdVDLSgNBEJz1GeMr6sGDl8EgCGrYlUDMRQJePEZITCBZl97JJBky+2CmV4ghf+EfeNUf8CRe/QLvfoiTh5CIFjQUVd10d/mxFBpt+9NaWFxaXllNraXXNza3tjM7u7c6ShTjVRbJSNV90FyKkFdRoOT1WHEIfMlrfu9q5NfuudIiCivYj7kbQCcUbcEAjeRl9huVuybIuAveySk13OcI3pnrZbJOzh6D2rmiQSE/JUWH/lhZMkXZy3w1WxFLAh4ik6B1w7FjdAegUDDJh+lmonkMrAcd3jA0hIBrdzB+YEiPjNKi7UiZCpGO1dmJAQRa9wPfdAaAXf3bG4l/eY0E2xfuQIRxgjxkk0XtRFKM6CgN2hKKM5R9Q4ApYW6lrAsKGJrM5rag6D0M07Ox/E+q57lizr7JZ0uX03xS5IAckmPikAIpkWtSJlXCyJA8kWfyYj1ar9ab9T5pXbCmM3tkDtbHNzbsnTs=</latexit><latexit sha1_base64="eNjHUMxefO6V2Wl4VgplSow8d/M=">AAACEXicdVDLSgNBEJz1GeMr6sGDl8EgCGrYlUDMRQJePEZITCBZl97JJBky+2CmV4ghf+EfeNUf8CRe/QLvfoiTh5CIFjQUVd10d/mxFBpt+9NaWFxaXllNraXXNza3tjM7u7c6ShTjVRbJSNV90FyKkFdRoOT1WHEIfMlrfu9q5NfuudIiCivYj7kbQCcUbcEAjeRl9huVuybIuAveySk13OcI3pnrZbJOzh6D2rmiQSE/JUWH/lhZMkXZy3w1WxFLAh4ik6B1w7FjdAegUDDJh+lmonkMrAcd3jA0hIBrdzB+YEiPjNKi7UiZCpGO1dmJAQRa9wPfdAaAXf3bG4l/eY0E2xfuQIRxgjxkk0XtRFKM6CgN2hKKM5R9Q4ApYW6lrAsKGJrM5rag6D0M07Ox/E+q57lizr7JZ0uX03xS5IAckmPikAIpkWtSJlXCyJA8kWfyYj1ar9ab9T5pXbCmM3tkDtbHNzbsnTs=</latexit>

Further TeV Scale Vectors in Gauge Models
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Closure of the algebra means that             must also be 
proportional to a generator ([T !

+ , T "
! ] = if !"# T# )

<latexit sha1_base64="nv/BWlNPGGm5a4qEOT3lY/gq1y4="></latexit><latexit sha1_base64="nv/BWlNPGGm5a4qEOT3lY/gq1y4="></latexit><latexit sha1_base64="nv/BWlNPGGm5a4qEOT3lY/gq1y4="></latexit>

[T↵
+ , T

�
�]

<latexit sha1_base64="eNjHUMxefO6V2Wl4VgplSow8d/M=">AAACEXicdVDLSgNBEJz1GeMr6sGDl8EgCGrYlUDMRQJePEZITCBZl97JJBky+2CmV4ghf+EfeNUf8CRe/QLvfoiTh5CIFjQUVd10d/mxFBpt+9NaWFxaXllNraXXNza3tjM7u7c6ShTjVRbJSNV90FyKkFdRoOT1WHEIfMlrfu9q5NfuudIiCivYj7kbQCcUbcEAjeRl9huVuybIuAveySk13OcI3pnrZbJOzh6D2rmiQSE/JUWH/lhZMkXZy3w1WxFLAh4ik6B1w7FjdAegUDDJh+lmonkMrAcd3jA0hIBrdzB+YEiPjNKi7UiZCpGO1dmJAQRa9wPfdAaAXf3bG4l/eY0E2xfuQIRxgjxkk0XtRFKM6CgN2hKKM5R9Q4ApYW6lrAsKGJrM5rag6D0M07Ox/E+q57lizr7JZ0uX03xS5IAckmPikAIpkWtSJlXCyJA8kWfyYj1ar9ab9T5pXbCmM3tkDtbHNzbsnTs=</latexit><latexit sha1_base64="eNjHUMxefO6V2Wl4VgplSow8d/M=">AAACEXicdVDLSgNBEJz1GeMr6sGDl8EgCGrYlUDMRQJePEZITCBZl97JJBky+2CmV4ghf+EfeNUf8CRe/QLvfoiTh5CIFjQUVd10d/mxFBpt+9NaWFxaXllNraXXNza3tjM7u7c6ShTjVRbJSNV90FyKkFdRoOT1WHEIfMlrfu9q5NfuudIiCivYj7kbQCcUbcEAjeRl9huVuybIuAveySk13OcI3pnrZbJOzh6D2rmiQSE/JUWH/lhZMkXZy3w1WxFLAh4ik6B1w7FjdAegUDDJh+lmonkMrAcd3jA0hIBrdzB+YEiPjNKi7UiZCpGO1dmJAQRa9wPfdAaAXf3bG4l/eY0E2xfuQIRxgjxkk0XtRFKM6CgN2hKKM5R9Q4ApYW6lrAsKGJrM5rag6D0M07Ox/E+q57lizr7JZ0uX03xS5IAckmPikAIpkWtSJlXCyJA8kWfyYj1ar9ab9T5pXbCmM3tkDtbHNzbsnTs=</latexit><latexit sha1_base64="eNjHUMxefO6V2Wl4VgplSow8d/M=">AAACEXicdVDLSgNBEJz1GeMr6sGDl8EgCGrYlUDMRQJePEZITCBZl97JJBky+2CmV4ghf+EfeNUf8CRe/QLvfoiTh5CIFjQUVd10d/mxFBpt+9NaWFxaXllNraXXNza3tjM7u7c6ShTjVRbJSNV90FyKkFdRoOT1WHEIfMlrfu9q5NfuudIiCivYj7kbQCcUbcEAjeRl9huVuybIuAveySk13OcI3pnrZbJOzh6D2rmiQSE/JUWH/lhZMkXZy3w1WxFLAh4ik6B1w7FjdAegUDDJh+lmonkMrAcd3jA0hIBrdzB+YEiPjNKi7UiZCpGO1dmJAQRa9wPfdAaAXf3bG4l/eY0E2xfuQIRxgjxkk0XtRFKM6CgN2hKKM5R9Q4ApYW6lrAsKGJrM5rag6D0M07Ox/E+q57lizr7JZ0uX03xS5IAckmPikAIpkWtSJlXCyJA8kWfyYj1ar9ab9T5pXbCmM3tkDtbHNzbsnTs=</latexit>

Further TeV Scale Vectors in Gauge Models
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Closure of the algebra means that             must also be 
proportional to a generator

[Tr
+ , T r

! ] =

!

"
"
#

0 0 0 1
0 0 0 0
0 0 0 0
0 0 0 0

$

%
%
&

!

"
"
#

0 0 0 0
0 0 0 0
0 0 0 0
1 0 0 0

$

%
%
& !

!

"
"
#

0 0 0 0
0 0 0 0
0 0 0 0
1 0 0 0

$

%
%
&

!

"
"
#

0 0 0 1
0 0 0 0
0 0 0 0
0 0 0 0

$

%
%
& =

!

"
"
#

1 0 0 0
0 0 0 0
0 0 0 0
0 0 0 ! 1

$

%
%
&

<latexit sha1_base64="3McxSTBb/d/y4L/myjEFFaUUc48="></latexit><latexit sha1_base64="3McxSTBb/d/y4L/myjEFFaUUc48="></latexit><latexit sha1_base64="3McxSTBb/d/y4L/myjEFFaUUc48="></latexit>

([T !
+ , T "

! ] = if !"# T# )
<latexit sha1_base64="nv/BWlNPGGm5a4qEOT3lY/gq1y4="></latexit><latexit sha1_base64="nv/BWlNPGGm5a4qEOT3lY/gq1y4="></latexit><latexit sha1_base64="nv/BWlNPGGm5a4qEOT3lY/gq1y4="></latexit>

[T↵
+ , T

�
�]

<latexit sha1_base64="eNjHUMxefO6V2Wl4VgplSow8d/M=">AAACEXicdVDLSgNBEJz1GeMr6sGDl8EgCGrYlUDMRQJePEZITCBZl97JJBky+2CmV4ghf+EfeNUf8CRe/QLvfoiTh5CIFjQUVd10d/mxFBpt+9NaWFxaXllNraXXNza3tjM7u7c6ShTjVRbJSNV90FyKkFdRoOT1WHEIfMlrfu9q5NfuudIiCivYj7kbQCcUbcEAjeRl9huVuybIuAveySk13OcI3pnrZbJOzh6D2rmiQSE/JUWH/lhZMkXZy3w1WxFLAh4ik6B1w7FjdAegUDDJh+lmonkMrAcd3jA0hIBrdzB+YEiPjNKi7UiZCpGO1dmJAQRa9wPfdAaAXf3bG4l/eY0E2xfuQIRxgjxkk0XtRFKM6CgN2hKKM5R9Q4ApYW6lrAsKGJrM5rag6D0M07Ox/E+q57lizr7JZ0uX03xS5IAckmPikAIpkWtSJlXCyJA8kWfyYj1ar9ab9T5pXbCmM3tkDtbHNzbsnTs=</latexit><latexit sha1_base64="eNjHUMxefO6V2Wl4VgplSow8d/M=">AAACEXicdVDLSgNBEJz1GeMr6sGDl8EgCGrYlUDMRQJePEZITCBZl97JJBky+2CmV4ghf+EfeNUf8CRe/QLvfoiTh5CIFjQUVd10d/mxFBpt+9NaWFxaXllNraXXNza3tjM7u7c6ShTjVRbJSNV90FyKkFdRoOT1WHEIfMlrfu9q5NfuudIiCivYj7kbQCcUbcEAjeRl9huVuybIuAveySk13OcI3pnrZbJOzh6D2rmiQSE/JUWH/lhZMkXZy3w1WxFLAh4ik6B1w7FjdAegUDDJh+lmonkMrAcd3jA0hIBrdzB+YEiPjNKi7UiZCpGO1dmJAQRa9wPfdAaAXf3bG4l/eY0E2xfuQIRxgjxkk0XtRFKM6CgN2hKKM5R9Q4ApYW6lrAsKGJrM5rag6D0M07Ox/E+q57lizr7JZ0uX03xS5IAckmPikAIpkWtSJlXCyJA8kWfyYj1ar9ab9T5pXbCmM3tkDtbHNzbsnTs=</latexit><latexit sha1_base64="eNjHUMxefO6V2Wl4VgplSow8d/M=">AAACEXicdVDLSgNBEJz1GeMr6sGDl8EgCGrYlUDMRQJePEZITCBZl97JJBky+2CmV4ghf+EfeNUf8CRe/QLvfoiTh5CIFjQUVd10d/mxFBpt+9NaWFxaXllNraXXNza3tjM7u7c6ShTjVRbJSNV90FyKkFdRoOT1WHEIfMlrfu9q5NfuudIiCivYj7kbQCcUbcEAjeRl9huVuybIuAveySk13OcI3pnrZbJOzh6D2rmiQSE/JUWH/lhZMkXZy3w1WxFLAh4ik6B1w7FjdAegUDDJh+lmonkMrAcd3jA0hIBrdzB+YEiPjNKi7UiZCpGO1dmJAQRa9wPfdAaAXf3bG4l/eY0E2xfuQIRxgjxkk0XtRFKM6CgN2hKKM5R9Q4ApYW6lrAsKGJrM5rag6D0M07Ox/E+q57lizr7JZ0uX03xS5IAckmPikAIpkWtSJlXCyJA8kWfyYj1ar9ab9T5pXbCmM3tkDtbHNzbsnTs=</latexit>

Further TeV Scale Vectors in Gauge Models
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Closure of the algebra means that             must also be 
proportional to a generator

We get 3 new     type generators

[Tr
+ , T r

! ] =

!

"
"
#

0 0 0 1
0 0 0 0
0 0 0 0
0 0 0 0

$

%
%
&

!

"
"
#

0 0 0 0
0 0 0 0
0 0 0 0
1 0 0 0

$

%
%
& !

!

"
"
#

0 0 0 0
0 0 0 0
0 0 0 0
1 0 0 0

$

%
%
&

!

"
"
#

0 0 0 1
0 0 0 0
0 0 0 0
0 0 0 0

$

%
%
& =

!

"
"
#

1 0 0 0
0 0 0 0
0 0 0 0
0 0 0 ! 1

$

%
%
&

<latexit sha1_base64="3McxSTBb/d/y4L/myjEFFaUUc48="></latexit><latexit sha1_base64="3McxSTBb/d/y4L/myjEFFaUUc48="></latexit><latexit sha1_base64="3McxSTBb/d/y4L/myjEFFaUUc48="></latexit>

Z !
<latexit sha1_base64="R1vAtIdM71bP0afeyqpPMnTdATs=">AAAB+nicdVDLSsNAFL2pr1pfVZduBovoKiRSqN0V3LisYqzYhjKZTtqhk0mYmQg1BPwAt/oDrsStP+PeD3H6EFrRAxcO59zLvfcECWdKO86nVVhaXlldK66XNja3tnfKu3s3Kk4loR6JeSxvA6woZ4J6mmlObxNJcRRw2gqG52O/dU+lYrG41qOE+hHuCxYygrWRru6Ou+WKazsTIMeuG9SqM1J30Y9VgRma3fJXpxeTNKJCE46VartOov0MS80Ip3mpkyqaYDLEfdo2VOCIKj+bXJqjI6P0UBhLU0KjiTo/keFIqVEUmM4I64H67Y3Fv7x2qsMzP2MiSTUVZLooTDnSMRq/jXpMUqL5yBBMJDO3IjLAEhNtwlnYotnwIS/Nx/I/8U7tuu1cViuNxuM0nyIcwCGcgAs1aMAFNMEDAiE8wTO8WLn1ar1Z79PWgjXLdB8WYH18A+PelWM=</latexit><latexit sha1_base64="R1vAtIdM71bP0afeyqpPMnTdATs=">AAAB+nicdVDLSsNAFL2pr1pfVZduBovoKiRSqN0V3LisYqzYhjKZTtqhk0mYmQg1BPwAt/oDrsStP+PeD3H6EFrRAxcO59zLvfcECWdKO86nVVhaXlldK66XNja3tnfKu3s3Kk4loR6JeSxvA6woZ4J6mmlObxNJcRRw2gqG52O/dU+lYrG41qOE+hHuCxYygrWRru6Ou+WKazsTIMeuG9SqM1J30Y9VgRma3fJXpxeTNKJCE46VartOov0MS80Ip3mpkyqaYDLEfdo2VOCIKj+bXJqjI6P0UBhLU0KjiTo/keFIqVEUmM4I64H67Y3Fv7x2qsMzP2MiSTUVZLooTDnSMRq/jXpMUqL5yBBMJDO3IjLAEhNtwlnYotnwIS/Nx/I/8U7tuu1cViuNxuM0nyIcwCGcgAs1aMAFNMEDAiE8wTO8WLn1ar1Z79PWgjXLdB8WYH18A+PelWM=</latexit><latexit sha1_base64="R1vAtIdM71bP0afeyqpPMnTdATs=">AAAB+nicdVDLSsNAFL2pr1pfVZduBovoKiRSqN0V3LisYqzYhjKZTtqhk0mYmQg1BPwAt/oDrsStP+PeD3H6EFrRAxcO59zLvfcECWdKO86nVVhaXlldK66XNja3tnfKu3s3Kk4loR6JeSxvA6woZ4J6mmlObxNJcRRw2gqG52O/dU+lYrG41qOE+hHuCxYygrWRru6Ou+WKazsTIMeuG9SqM1J30Y9VgRma3fJXpxeTNKJCE46VartOov0MS80Ip3mpkyqaYDLEfdo2VOCIKj+bXJqjI6P0UBhLU0KjiTo/keFIqVEUmM4I64H67Y3Fv7x2qsMzP2MiSTUVZLooTDnSMRq/jXpMUqL5yBBMJDO3IjLAEhNtwlnYotnwIS/Nx/I/8U7tuu1cViuNxuM0nyIcwCGcgAs1aMAFNMEDAiE8wTO8WLn1ar1Z79PWgjXLdB8WYH18A+PelWM=</latexit>

([T !
+ , T "

! ] = if !"# T# )
<latexit sha1_base64="nv/BWlNPGGm5a4qEOT3lY/gq1y4="></latexit><latexit sha1_base64="nv/BWlNPGGm5a4qEOT3lY/gq1y4="></latexit><latexit sha1_base64="nv/BWlNPGGm5a4qEOT3lY/gq1y4="></latexit>

[T↵
+ , T

�
�]

<latexit sha1_base64="eNjHUMxefO6V2Wl4VgplSow8d/M=">AAACEXicdVDLSgNBEJz1GeMr6sGDl8EgCGrYlUDMRQJePEZITCBZl97JJBky+2CmV4ghf+EfeNUf8CRe/QLvfoiTh5CIFjQUVd10d/mxFBpt+9NaWFxaXllNraXXNza3tjM7u7c6ShTjVRbJSNV90FyKkFdRoOT1WHEIfMlrfu9q5NfuudIiCivYj7kbQCcUbcEAjeRl9huVuybIuAveySk13OcI3pnrZbJOzh6D2rmiQSE/JUWH/lhZMkXZy3w1WxFLAh4ik6B1w7FjdAegUDDJh+lmonkMrAcd3jA0hIBrdzB+YEiPjNKi7UiZCpGO1dmJAQRa9wPfdAaAXf3bG4l/eY0E2xfuQIRxgjxkk0XtRFKM6CgN2hKKM5R9Q4ApYW6lrAsKGJrM5rag6D0M07Ox/E+q57lizr7JZ0uX03xS5IAckmPikAIpkWtSJlXCyJA8kWfyYj1ar9ab9T5pXbCmM3tkDtbHNzbsnTs=</latexit><latexit sha1_base64="eNjHUMxefO6V2Wl4VgplSow8d/M=">AAACEXicdVDLSgNBEJz1GeMr6sGDl8EgCGrYlUDMRQJePEZITCBZl97JJBky+2CmV4ghf+EfeNUf8CRe/QLvfoiTh5CIFjQUVd10d/mxFBpt+9NaWFxaXllNraXXNza3tjM7u7c6ShTjVRbJSNV90FyKkFdRoOT1WHEIfMlrfu9q5NfuudIiCivYj7kbQCcUbcEAjeRl9huVuybIuAveySk13OcI3pnrZbJOzh6D2rmiQSE/JUWH/lhZMkXZy3w1WxFLAh4ik6B1w7FjdAegUDDJh+lmonkMrAcd3jA0hIBrdzB+YEiPjNKi7UiZCpGO1dmJAQRa9wPfdAaAXf3bG4l/eY0E2xfuQIRxgjxkk0XtRFKM6CgN2hKKM5R9Q4ApYW6lrAsKGJrM5rag6D0M07Ox/E+q57lizr7JZ0uX03xS5IAckmPikAIpkWtSJlXCyJA8kWfyYj1ar9ab9T5pXbCmM3tkDtbHNzbsnTs=</latexit><latexit sha1_base64="eNjHUMxefO6V2Wl4VgplSow8d/M=">AAACEXicdVDLSgNBEJz1GeMr6sGDl8EgCGrYlUDMRQJePEZITCBZl97JJBky+2CmV4ghf+EfeNUf8CRe/QLvfoiTh5CIFjQUVd10d/mxFBpt+9NaWFxaXllNraXXNza3tjM7u7c6ShTjVRbJSNV90FyKkFdRoOT1WHEIfMlrfu9q5NfuudIiCivYj7kbQCcUbcEAjeRl9huVuybIuAveySk13OcI3pnrZbJOzh6D2rmiQSE/JUWH/lhZMkXZy3w1WxFLAh4ik6B1w7FjdAegUDDJh+lmonkMrAcd3jA0hIBrdzB+YEiPjNKi7UiZCpGO1dmJAQRa9wPfdAaAXf3bG4l/eY0E2xfuQIRxgjxkk0XtRFKM6CgN2hKKM5R9Q4ApYW6lrAsKGJrM5rag6D0M07Ox/E+q57lizr7JZ0uX03xS5IAckmPikAIpkWtSJlXCyJA8kWfyYj1ar9ab9T5pXbCmM3tkDtbHNzbsnTs=</latexit>
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Closure of the algebra means that             must also be 
proportional to a generator

We get 3 new     type generators

But SU(3) invariance means that the Lagrangian can be 
written with 1 new  

[T r
+ , T r

! ] =

!

"
"
#

0 0 0 1
0 0 0 0
0 0 0 0
0 0 0 0

$
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&

!

"
"
#

0 0 0 0
0 0 0 0
0 0 0 0
1 0 0 0

$
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%
& !

!

"
"
#

0 0 0 0
0 0 0 0
0 0 0 0
1 0 0 0

$
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%
&

!

"
"
#

0 0 0 1
0 0 0 0
0 0 0 0
0 0 0 0

$
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%
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!

"
"
#

1 0 0 0
0 0 0 0
0 0 0 0
0 0 0 ! 1

$
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&

<latexit sha1_base64="3McxSTBb/d/y4L/myjEFFaUUc48="></latexit><latexit sha1_base64="3McxSTBb/d/y4L/myjEFFaUUc48="></latexit><latexit sha1_base64="3McxSTBb/d/y4L/myjEFFaUUc48="></latexit>

Z !
<latexit sha1_base64="R1vAtIdM71bP0afeyqpPMnTdATs=">AAAB+nicdVDLSsNAFL2pr1pfVZduBovoKiRSqN0V3LisYqzYhjKZTtqhk0mYmQg1BPwAt/oDrsStP+PeD3H6EFrRAxcO59zLvfcECWdKO86nVVhaXlldK66XNja3tnfKu3s3Kk4loR6JeSxvA6woZ4J6mmlObxNJcRRw2gqG52O/dU+lYrG41qOE+hHuCxYygrWRru6Ou+WKazsTIMeuG9SqM1J30Y9VgRma3fJXpxeTNKJCE46VartOov0MS80Ip3mpkyqaYDLEfdo2VOCIKj+bXJqjI6P0UBhLU0KjiTo/keFIqVEUmM4I64H67Y3Fv7x2qsMzP2MiSTUVZLooTDnSMRq/jXpMUqL5yBBMJDO3IjLAEhNtwlnYotnwIS/Nx/I/8U7tuu1cViuNxuM0nyIcwCGcgAs1aMAFNMEDAiE8wTO8WLn1ar1Z79PWgjXLdB8WYH18A+PelWM=</latexit><latexit sha1_base64="R1vAtIdM71bP0afeyqpPMnTdATs=">AAAB+nicdVDLSsNAFL2pr1pfVZduBovoKiRSqN0V3LisYqzYhjKZTtqhk0mYmQg1BPwAt/oDrsStP+PeD3H6EFrRAxcO59zLvfcECWdKO86nVVhaXlldK66XNja3tnfKu3s3Kk4loR6JeSxvA6woZ4J6mmlObxNJcRRw2gqG52O/dU+lYrG41qOE+hHuCxYygrWRru6Ou+WKazsTIMeuG9SqM1J30Y9VgRma3fJXpxeTNKJCE46VartOov0MS80Ip3mpkyqaYDLEfdo2VOCIKj+bXJqjI6P0UBhLU0KjiTo/keFIqVEUmM4I64H67Y3Fv7x2qsMzP2MiSTUVZLooTDnSMRq/jXpMUqL5yBBMJDO3IjLAEhNtwlnYotnwIS/Nx/I/8U7tuu1cViuNxuM0nyIcwCGcgAs1aMAFNMEDAiE8wTO8WLn1ar1Z79PWgjXLdB8WYH18A+PelWM=</latexit><latexit sha1_base64="R1vAtIdM71bP0afeyqpPMnTdATs=">AAAB+nicdVDLSsNAFL2pr1pfVZduBovoKiRSqN0V3LisYqzYhjKZTtqhk0mYmQg1BPwAt/oDrsStP+PeD3H6EFrRAxcO59zLvfcECWdKO86nVVhaXlldK66XNja3tnfKu3s3Kk4loR6JeSxvA6woZ4J6mmlObxNJcRRw2gqG52O/dU+lYrG41qOE+hHuCxYygrWRru6Ou+WKazsTIMeuG9SqM1J30Y9VgRma3fJXpxeTNKJCE46VartOov0MS80Ip3mpkyqaYDLEfdo2VOCIKj+bXJqjI6P0UBhLU0KjiTo/keFIqVEUmM4I64H67Y3Fv7x2qsMzP2MiSTUVZLooTDnSMRq/jXpMUqL5yBBMJDO3IjLAEhNtwlnYotnwIS/Nx/I/8U7tuu1cViuNxuM0nyIcwCGcgAs1aMAFNMEDAiE8wTO8WLn1ar1Z79PWgjXLdB8WYH18A+PelWM=</latexit>

Z !
B " L

<latexit sha1_base64="8przFhE7Sle0hQIb2Uqv72ZdLjk=">AAACAHicdVDLSgNBEOyNrxhfUY9eBoPoxWVXAjG3oBcPHiK4JpgsYXYymwyZfTAzK8RlQfAPvOoPeBKv/ol3P8TJQ0hECxqKqm66u7yYM6ks69PILSwuLa/kVwtr6xubW8XtnRsZJYJQh0Q8Ek0PS8pZSB3FFKfNWFAceJw2vMH5yG/cUSFZFF6rYUzdAPdC5jOClZaat4ed9Oz4MusUS7ZpjYEss6pRKU9J1UY/VgmmqHeKX+1uRJKAhopwLGXLtmLlplgoRjjNCu1E0hiTAe7RlqYhDqh00/G9GTrQShf5kdAVKjRWZydSHEg5DDzdGWDVl7+9kfiX10qUf+qmLIwTRUMyWeQnHKkIjZ5HXSYoUXyoCSaC6VsR6WOBidIRzW1RbHCfFWZj+Z84J2bVtK7KpVrtYZJPHvZgH47AhgrU4ALq4AABDk/wDC/Go/FqvBnvk9acMc10F+ZgfHwDEMSXsQ==</latexit><latexit sha1_base64="8przFhE7Sle0hQIb2Uqv72ZdLjk=">AAACAHicdVDLSgNBEOyNrxhfUY9eBoPoxWVXAjG3oBcPHiK4JpgsYXYymwyZfTAzK8RlQfAPvOoPeBKv/ol3P8TJQ0hECxqKqm66u7yYM6ks69PILSwuLa/kVwtr6xubW8XtnRsZJYJQh0Q8Ek0PS8pZSB3FFKfNWFAceJw2vMH5yG/cUSFZFF6rYUzdAPdC5jOClZaat4ed9Oz4MusUS7ZpjYEss6pRKU9J1UY/VgmmqHeKX+1uRJKAhopwLGXLtmLlplgoRjjNCu1E0hiTAe7RlqYhDqh00/G9GTrQShf5kdAVKjRWZydSHEg5DDzdGWDVl7+9kfiX10qUf+qmLIwTRUMyWeQnHKkIjZ5HXSYoUXyoCSaC6VsR6WOBidIRzW1RbHCfFWZj+Z84J2bVtK7KpVrtYZJPHvZgH47AhgrU4ALq4AABDk/wDC/Go/FqvBnvk9acMc10F+ZgfHwDEMSXsQ==</latexit><latexit sha1_base64="8przFhE7Sle0hQIb2Uqv72ZdLjk=">AAACAHicdVDLSgNBEOyNrxhfUY9eBoPoxWVXAjG3oBcPHiK4JpgsYXYymwyZfTAzK8RlQfAPvOoPeBKv/ol3P8TJQ0hECxqKqm66u7yYM6ks69PILSwuLa/kVwtr6xubW8XtnRsZJYJQh0Q8Ek0PS8pZSB3FFKfNWFAceJw2vMH5yG/cUSFZFF6rYUzdAPdC5jOClZaat4ed9Oz4MusUS7ZpjYEss6pRKU9J1UY/VgmmqHeKX+1uRJKAhopwLGXLtmLlplgoRjjNCu1E0hiTAe7RlqYhDqh00/G9GTrQShf5kdAVKjRWZydSHEg5DDzdGWDVl7+9kfiX10qUf+qmLIwTRUMyWeQnHKkIjZ5HXSYoUXyoCSaC6VsR6WOBidIRzW1RbHCfFWZj+Z84J2bVtK7KpVrtYZJPHvZgH47AhgrU4ALq4AABDk/wDC/Go/FqvBnvk9acMc10F+ZgfHwDEMSXsQ==</latexit>

TB �L =

!

"
"
#

1 0 0 0
0 1 0 0
0 0 1 0
0 0 0 ! 3

$

%
%
&

<latexit sha1_base64="zIyvOnPeeX+M8XVijtGFfMY4ErU="></latexit><latexit sha1_base64="zIyvOnPeeX+M8XVijtGFfMY4ErU="></latexit><latexit sha1_base64="zIyvOnPeeX+M8XVijtGFfMY4ErU="></latexit>

([T !
+ , T "

! ] = if !"# T# )
<latexit sha1_base64="nv/BWlNPGGm5a4qEOT3lY/gq1y4="></latexit><latexit sha1_base64="nv/BWlNPGGm5a4qEOT3lY/gq1y4="></latexit><latexit sha1_base64="nv/BWlNPGGm5a4qEOT3lY/gq1y4="></latexit>

[T↵
+ , T

�
�]

<latexit sha1_base64="eNjHUMxefO6V2Wl4VgplSow8d/M=">AAACEXicdVDLSgNBEJz1GeMr6sGDl8EgCGrYlUDMRQJePEZITCBZl97JJBky+2CmV4ghf+EfeNUf8CRe/QLvfoiTh5CIFjQUVd10d/mxFBpt+9NaWFxaXllNraXXNza3tjM7u7c6ShTjVRbJSNV90FyKkFdRoOT1WHEIfMlrfu9q5NfuudIiCivYj7kbQCcUbcEAjeRl9huVuybIuAveySk13OcI3pnrZbJOzh6D2rmiQSE/JUWH/lhZMkXZy3w1WxFLAh4ik6B1w7FjdAegUDDJh+lmonkMrAcd3jA0hIBrdzB+YEiPjNKi7UiZCpGO1dmJAQRa9wPfdAaAXf3bG4l/eY0E2xfuQIRxgjxkk0XtRFKM6CgN2hKKM5R9Q4ApYW6lrAsKGJrM5rag6D0M07Ox/E+q57lizr7JZ0uX03xS5IAckmPikAIpkWtSJlXCyJA8kWfyYj1ar9ab9T5pXbCmM3tkDtbHNzbsnTs=</latexit><latexit sha1_base64="eNjHUMxefO6V2Wl4VgplSow8d/M=">AAACEXicdVDLSgNBEJz1GeMr6sGDl8EgCGrYlUDMRQJePEZITCBZl97JJBky+2CmV4ghf+EfeNUf8CRe/QLvfoiTh5CIFjQUVd10d/mxFBpt+9NaWFxaXllNraXXNza3tjM7u7c6ShTjVRbJSNV90FyKkFdRoOT1WHEIfMlrfu9q5NfuudIiCivYj7kbQCcUbcEAjeRl9huVuybIuAveySk13OcI3pnrZbJOzh6D2rmiQSE/JUWH/lhZMkXZy3w1WxFLAh4ik6B1w7FjdAegUDDJh+lmonkMrAcd3jA0hIBrdzB+YEiPjNKi7UiZCpGO1dmJAQRa9wPfdAaAXf3bG4l/eY0E2xfuQIRxgjxkk0XtRFKM6CgN2hKKM5R9Q4ApYW6lrAsKGJrM5rag6D0M07Ox/E+q57lizr7JZ0uX03xS5IAckmPikAIpkWtSJlXCyJA8kWfyYj1ar9ab9T5pXbCmM3tkDtbHNzbsnTs=</latexit><latexit sha1_base64="eNjHUMxefO6V2Wl4VgplSow8d/M=">AAACEXicdVDLSgNBEJz1GeMr6sGDl8EgCGrYlUDMRQJePEZITCBZl97JJBky+2CmV4ghf+EfeNUf8CRe/QLvfoiTh5CIFjQUVd10d/mxFBpt+9NaWFxaXllNraXXNza3tjM7u7c6ShTjVRbJSNV90FyKkFdRoOT1WHEIfMlrfu9q5NfuudIiCivYj7kbQCcUbcEAjeRl9huVuybIuAveySk13OcI3pnrZbJOzh6D2rmiQSE/JUWH/lhZMkXZy3w1WxFLAh4ik6B1w7FjdAegUDDJh+lmonkMrAcd3jA0hIBrdzB+YEiPjNKi7UiZCpGO1dmJAQRa9wPfdAaAXf3bG4l/eY0E2xfuQIRxgjxkk0XtRFKM6CgN2hKKM5R9Q4ApYW6lrAsKGJrM5rag6D0M07Ox/E+q57lizr7JZ0uX03xS5IAckmPikAIpkWtSJlXCyJA8kWfyYj1ar9ab9T5pXbCmM3tkDtbHNzbsnTs=</latexit>
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This ZÕ is associated with the breakingU(1)B ! L ! U(1)" " U(1)Y
<latexit sha1_base64="YLFLEraoUatvmhYKcyTSx3FJldU=">AAACG3icdVC7SgNBFJ2Nrxhfq5Y2o0GMhWFXAjFd0MbCIoJrIklYZieTZMjsg5m7QlwCdv6Ff2CrP2Althb2foiTh5CIHhg4nHOHc+/xIsEVWNankZqbX1hcSi9nVlbX1jfMza1rFcaSMoeGIpQ1jygmeMAc4CBYLZKM+J5gVa93NvSrt0wqHgZX0I9Y0yedgLc5JaAl19x1cvahm5weXQwawH2m8FA4wA0IR8y9cc2snbdGwFa+pFEsTEjJxj9WFk1Qcc2vRiuksc8CoIIoVbetCJoJkcCpYINMI1YsIrRHOqyuaUB0ajMZnTLA+1pp4XYo9QsAj9TpHwnxler7np70CXTVb28o/uXVY2ifNBMeRDGwgI6D2rHA+s5hL7jFJaMg+poQKrneFdMukYSCbm8mBXjvbpCZruV/4hznS3nrspAtl+/H/aTRDtpDOWSjIiqjc1RBDqLoAT2hZ/RiPBqvxpvxPh5NGZNOt9EMjI9v1Xqf3A==</latexit><latexit sha1_base64="YLFLEraoUatvmhYKcyTSx3FJldU=">AAACG3icdVC7SgNBFJ2Nrxhfq5Y2o0GMhWFXAjFd0MbCIoJrIklYZieTZMjsg5m7QlwCdv6Ff2CrP2Althb2foiTh5CIHhg4nHOHc+/xIsEVWNankZqbX1hcSi9nVlbX1jfMza1rFcaSMoeGIpQ1jygmeMAc4CBYLZKM+J5gVa93NvSrt0wqHgZX0I9Y0yedgLc5JaAl19x1cvahm5weXQwawH2m8FA4wA0IR8y9cc2snbdGwFa+pFEsTEjJxj9WFk1Qcc2vRiuksc8CoIIoVbetCJoJkcCpYINMI1YsIrRHOqyuaUB0ajMZnTLA+1pp4XYo9QsAj9TpHwnxler7np70CXTVb28o/uXVY2ifNBMeRDGwgI6D2rHA+s5hL7jFJaMg+poQKrneFdMukYSCbm8mBXjvbpCZruV/4hznS3nrspAtl+/H/aTRDtpDOWSjIiqjc1RBDqLoAT2hZ/RiPBqvxpvxPh5NGZNOt9EMjI9v1Xqf3A==</latexit><latexit sha1_base64="YLFLEraoUatvmhYKcyTSx3FJldU=">AAACG3icdVC7SgNBFJ2Nrxhfq5Y2o0GMhWFXAjFd0MbCIoJrIklYZieTZMjsg5m7QlwCdv6Ff2CrP2Althb2foiTh5CIHhg4nHOHc+/xIsEVWNankZqbX1hcSi9nVlbX1jfMza1rFcaSMoeGIpQ1jygmeMAc4CBYLZKM+J5gVa93NvSrt0wqHgZX0I9Y0yedgLc5JaAl19x1cvahm5weXQwawH2m8FA4wA0IR8y9cc2snbdGwFa+pFEsTEjJxj9WFk1Qcc2vRiuksc8CoIIoVbetCJoJkcCpYINMI1YsIrRHOqyuaUB0ajMZnTLA+1pp4XYo9QsAj9TpHwnxler7np70CXTVb28o/uXVY2ifNBMeRDGwgI6D2rHA+s5hL7jFJaMg+poQKrneFdMukYSCbm8mBXjvbpCZruV/4hznS3nrspAtl+/H/aTRDtpDOWSjIiqjc1RBDqLoAT2hZ/RiPBqvxpvxPh5NGZNOt9EMjI9v1Xqf3A==</latexit>
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 9

This ZÕ is associated with the breakingU(1)B ! L ! U(1)" " U(1)Y
<latexit sha1_base64="YLFLEraoUatvmhYKcyTSx3FJldU=">AAACG3icdVC7SgNBFJ2Nrxhfq5Y2o0GMhWFXAjFd0MbCIoJrIklYZieTZMjsg5m7QlwCdv6Ff2CrP2Althb2foiTh5CIHhg4nHOHc+/xIsEVWNankZqbX1hcSi9nVlbX1jfMza1rFcaSMoeGIpQ1jygmeMAc4CBYLZKM+J5gVa93NvSrt0wqHgZX0I9Y0yedgLc5JaAl19x1cvahm5weXQwawH2m8FA4wA0IR8y9cc2snbdGwFa+pFEsTEjJxj9WFk1Qcc2vRiuksc8CoIIoVbetCJoJkcCpYINMI1YsIrRHOqyuaUB0ajMZnTLA+1pp4XYo9QsAj9TpHwnxler7np70CXTVb28o/uXVY2ifNBMeRDGwgI6D2rHA+s5hL7jFJaMg+poQKrneFdMukYSCbm8mBXjvbpCZruV/4hznS3nrspAtl+/H/aTRDtpDOWSjIiqjc1RBDqLoAT2hZ/RiPBqvxpvxPh5NGZNOt9EMjI9v1Xqf3A==</latexit><latexit sha1_base64="YLFLEraoUatvmhYKcyTSx3FJldU=">AAACG3icdVC7SgNBFJ2Nrxhfq5Y2o0GMhWFXAjFd0MbCIoJrIklYZieTZMjsg5m7QlwCdv6Ff2CrP2Althb2foiTh5CIHhg4nHOHc+/xIsEVWNankZqbX1hcSi9nVlbX1jfMza1rFcaSMoeGIpQ1jygmeMAc4CBYLZKM+J5gVa93NvSrt0wqHgZX0I9Y0yedgLc5JaAl19x1cvahm5weXQwawH2m8FA4wA0IR8y9cc2snbdGwFa+pFEsTEjJxj9WFk1Qcc2vRiuksc8CoIIoVbetCJoJkcCpYINMI1YsIrRHOqyuaUB0ajMZnTLA+1pp4XYo9QsAj9TpHwnxler7np70CXTVb28o/uXVY2ifNBMeRDGwgI6D2rHA+s5hL7jFJaMg+poQKrneFdMukYSCbm8mBXjvbpCZruV/4hznS3nrspAtl+/H/aTRDtpDOWSjIiqjc1RBDqLoAT2hZ/RiPBqvxpvxPh5NGZNOt9EMjI9v1Xqf3A==</latexit><latexit sha1_base64="YLFLEraoUatvmhYKcyTSx3FJldU=">AAACG3icdVC7SgNBFJ2Nrxhfq5Y2o0GMhWFXAjFd0MbCIoJrIklYZieTZMjsg5m7QlwCdv6Ff2CrP2Althb2foiTh5CIHhg4nHOHc+/xIsEVWNankZqbX1hcSi9nVlbX1jfMza1rFcaSMoeGIpQ1jygmeMAc4CBYLZKM+J5gVa93NvSrt0wqHgZX0I9Y0yedgLc5JaAl19x1cvahm5weXQwawH2m8FA4wA0IR8y9cc2snbdGwFa+pFEsTEjJxj9WFk1Qcc2vRiuksc8CoIIoVbetCJoJkcCpYINMI1YsIrRHOqyuaUB0ajMZnTLA+1pp4XYo9QsAj9TpHwnxler7np70CXTVb28o/uXVY2ifNBMeRDGwgI6D2rHA+s5hL7jFJaMg+poQKrneFdMukYSCbm8mBXjvbpCZruV/4hznS3nrspAtl+/H/aTRDtpDOWSjIiqjc1RBDqLoAT2hZ/RiPBqvxpvxPh5NGZNOt9EMjI9v1Xqf3A==</latexit>

This breaking also gives a mass to the U1

U(1)B ! L
<latexit sha1_base64="fc2bnpeGpI00kp5NYeXI16Utk3A=">AAACAnicdVDLSgNBEOz1GeMr6tHLYBDiwbArgZhb0IsHDxFcE0xCmJ3MJkNmZ5eZWSEuC178A6/6A57Eqz/i3Q9x8hAS0YKGoqqb7i4v4kxp2/60FhaXlldWM2vZ9Y3Nre3czu6NCmNJqEtCHsqGhxXlTFBXM81pI5IUBx6ndW9wPvLrd1QqFoprPYxoO8A9wXxGsDbSrVtwjjrJ2fFl2snlnaI9BrKLFYNyaUoqDvqx8jBFrZP7anVDEgdUaMKxUk3HjnQ7wVIzwmmabcWKRpgMcI82DRU4oKqdjC9O0aFRusgPpSmh0VidnUhwoNQw8ExngHVf/fZG4l9eM9b+aTthIoo1FWSyyI850iEavY+6TFKi+dAQTCQztyLSxxITbUKa26LZ4D7NzsbyP3FPipWifVXKV6sPk3wysA8HUAAHylCFC6iBCwQEPMEzvFiP1qv1Zr1PWhesaaZ7MAfr4xvmBJgb</latexit><latexit sha1_base64="fc2bnpeGpI00kp5NYeXI16Utk3A=">AAACAnicdVDLSgNBEOz1GeMr6tHLYBDiwbArgZhb0IsHDxFcE0xCmJ3MJkNmZ5eZWSEuC178A6/6A57Eqz/i3Q9x8hAS0YKGoqqb7i4v4kxp2/60FhaXlldWM2vZ9Y3Nre3czu6NCmNJqEtCHsqGhxXlTFBXM81pI5IUBx6ndW9wPvLrd1QqFoprPYxoO8A9wXxGsDbSrVtwjjrJ2fFl2snlnaI9BrKLFYNyaUoqDvqx8jBFrZP7anVDEgdUaMKxUk3HjnQ7wVIzwmmabcWKRpgMcI82DRU4oKqdjC9O0aFRusgPpSmh0VidnUhwoNQw8ExngHVf/fZG4l9eM9b+aTthIoo1FWSyyI850iEavY+6TFKi+dAQTCQztyLSxxITbUKa26LZ4D7NzsbyP3FPipWifVXKV6sPk3wysA8HUAAHylCFC6iBCwQEPMEzvFiP1qv1Zr1PWhesaaZ7MAfr4xvmBJgb</latexit><latexit sha1_base64="fc2bnpeGpI00kp5NYeXI16Utk3A=">AAACAnicdVDLSgNBEOz1GeMr6tHLYBDiwbArgZhb0IsHDxFcE0xCmJ3MJkNmZ5eZWSEuC178A6/6A57Eqz/i3Q9x8hAS0YKGoqqb7i4v4kxp2/60FhaXlldWM2vZ9Y3Nre3czu6NCmNJqEtCHsqGhxXlTFBXM81pI5IUBx6ndW9wPvLrd1QqFoprPYxoO8A9wXxGsDbSrVtwjjrJ2fFl2snlnaI9BrKLFYNyaUoqDvqx8jBFrZP7anVDEgdUaMKxUk3HjnQ7wVIzwmmabcWKRpgMcI82DRU4oKqdjC9O0aFRusgPpSmh0VidnUhwoNQw8ExngHVf/fZG4l9eM9b+aTthIoo1FWSyyI850iEavY+6TFKi+dAQTCQztyLSxxITbUKa26LZ4D7NzsbyP3FPipWifVXKV6sPk3wysA8HUAAHylCFC6iBCwQEPMEzvFiP1qv1Zr1PWhesaaZ7MAfr4xvmBJgb</latexit>

Further TeV Scale Vectors in Gauge Models

But the breaking which gives mass to the U1 does not 
necessarily break 



 9

This ZÕ is associated with the breakingU(1)B ! L ! U(1)" " U(1)Y
<latexit sha1_base64="YLFLEraoUatvmhYKcyTSx3FJldU=">AAACG3icdVC7SgNBFJ2Nrxhfq5Y2o0GMhWFXAjFd0MbCIoJrIklYZieTZMjsg5m7QlwCdv6Ff2CrP2Althb2foiTh5CIHhg4nHOHc+/xIsEVWNankZqbX1hcSi9nVlbX1jfMza1rFcaSMoeGIpQ1jygmeMAc4CBYLZKM+J5gVa93NvSrt0wqHgZX0I9Y0yedgLc5JaAl19x1cvahm5weXQwawH2m8FA4wA0IR8y9cc2snbdGwFa+pFEsTEjJxj9WFk1Qcc2vRiuksc8CoIIoVbetCJoJkcCpYINMI1YsIrRHOqyuaUB0ajMZnTLA+1pp4XYo9QsAj9TpHwnxler7np70CXTVb28o/uXVY2ifNBMeRDGwgI6D2rHA+s5hL7jFJaMg+poQKrneFdMukYSCbm8mBXjvbpCZruV/4hznS3nrspAtl+/H/aTRDtpDOWSjIiqjc1RBDqLoAT2hZ/RiPBqvxpvxPh5NGZNOt9EMjI9v1Xqf3A==</latexit><latexit sha1_base64="YLFLEraoUatvmhYKcyTSx3FJldU=">AAACG3icdVC7SgNBFJ2Nrxhfq5Y2o0GMhWFXAjFd0MbCIoJrIklYZieTZMjsg5m7QlwCdv6Ff2CrP2Althb2foiTh5CIHhg4nHOHc+/xIsEVWNankZqbX1hcSi9nVlbX1jfMza1rFcaSMoeGIpQ1jygmeMAc4CBYLZKM+J5gVa93NvSrt0wqHgZX0I9Y0yedgLc5JaAl19x1cvahm5weXQwawH2m8FA4wA0IR8y9cc2snbdGwFa+pFEsTEjJxj9WFk1Qcc2vRiuksc8CoIIoVbetCJoJkcCpYINMI1YsIrRHOqyuaUB0ajMZnTLA+1pp4XYo9QsAj9TpHwnxler7np70CXTVb28o/uXVY2ifNBMeRDGwgI6D2rHA+s5hL7jFJaMg+poQKrneFdMukYSCbm8mBXjvbpCZruV/4hznS3nrspAtl+/H/aTRDtpDOWSjIiqjc1RBDqLoAT2hZ/RiPBqvxpvxPh5NGZNOt9EMjI9v1Xqf3A==</latexit><latexit sha1_base64="YLFLEraoUatvmhYKcyTSx3FJldU=">AAACG3icdVC7SgNBFJ2Nrxhfq5Y2o0GMhWFXAjFd0MbCIoJrIklYZieTZMjsg5m7QlwCdv6Ff2CrP2Althb2foiTh5CIHhg4nHOHc+/xIsEVWNankZqbX1hcSi9nVlbX1jfMza1rFcaSMoeGIpQ1jygmeMAc4CBYLZKM+J5gVa93NvSrt0wqHgZX0I9Y0yedgLc5JaAl19x1cvahm5weXQwawH2m8FA4wA0IR8y9cc2snbdGwFa+pFEsTEjJxj9WFk1Qcc2vRiuksc8CoIIoVbetCJoJkcCpYINMI1YsIrRHOqyuaUB0ajMZnTLA+1pp4XYo9QsAj9TpHwnxler7np70CXTVb28o/uXVY2ifNBMeRDGwgI6D2rHA+s5hL7jFJaMg+poQKrneFdMukYSCbm8mBXjvbpCZruV/4hznS3nrspAtl+/H/aTRDtpDOWSjIiqjc1RBDqLoAT2hZ/RiPBqvxpvxPh5NGZNOt9EMjI9v1Xqf3A==</latexit>

This breaking also gives a mass to the U1

=! M Z ! ! M U1
<latexit sha1_base64="P9pFhABxE84/Y78lNZh6E/TRjgc=">AAACGnicdVDNSgMxGMz6W+tf1aOXYBE9lV0p1N4KXrwIFVxbbMuSTb+2ocnukmSFuix48i18A6/6Ap7EqxfvPojZtkIrOhCYzHwfk4wfcaa0bX9aC4tLyyurubX8+sbm1nZhZ/dahbGk4NKQh7LpEwWcBeBqpjk0IwlE+Bwa/vAs8xu3IBULgys9iqAjSD9gPUaJNpJXwG0mTA4ofOElN0cpbnNQSjGR3V3PSb1C0SnZY2C7VDWolKek6uAfq4imqHuFr3Y3pLGAQFNOlGo5dqQ7CZGaUQ5pvh0riAgdkj60DA2IANVJxj9J8aFRurgXSnMCjcfq7EZChFIj4ZtJQfRA/fYy8S+vFeveaSdhQRRrCOgkqBdzrEOc1YK7TALVfGQIoZKZt2I6IJJQbcqbS9FseJfmZ2v5n7gnpWrJviwXa7X7ST85tI8O0DFyUAXV0DmqIxdR9ICe0DN6sR6tV+vNep+MLljTTvfQHKyPbzDHofg=</latexit><latexit sha1_base64="P9pFhABxE84/Y78lNZh6E/TRjgc=">AAACGnicdVDNSgMxGMz6W+tf1aOXYBE9lV0p1N4KXrwIFVxbbMuSTb+2ocnukmSFuix48i18A6/6Ap7EqxfvPojZtkIrOhCYzHwfk4wfcaa0bX9aC4tLyyurubX8+sbm1nZhZ/dahbGk4NKQh7LpEwWcBeBqpjk0IwlE+Bwa/vAs8xu3IBULgys9iqAjSD9gPUaJNpJXwG0mTA4ofOElN0cpbnNQSjGR3V3PSb1C0SnZY2C7VDWolKek6uAfq4imqHuFr3Y3pLGAQFNOlGo5dqQ7CZGaUQ5pvh0riAgdkj60DA2IANVJxj9J8aFRurgXSnMCjcfq7EZChFIj4ZtJQfRA/fYy8S+vFeveaSdhQRRrCOgkqBdzrEOc1YK7TALVfGQIoZKZt2I6IJJQbcqbS9FseJfmZ2v5n7gnpWrJviwXa7X7ST85tI8O0DFyUAXV0DmqIxdR9ICe0DN6sR6tV+vNep+MLljTTvfQHKyPbzDHofg=</latexit><latexit sha1_base64="P9pFhABxE84/Y78lNZh6E/TRjgc=">AAACGnicdVDNSgMxGMz6W+tf1aOXYBE9lV0p1N4KXrwIFVxbbMuSTb+2ocnukmSFuix48i18A6/6Ap7EqxfvPojZtkIrOhCYzHwfk4wfcaa0bX9aC4tLyyurubX8+sbm1nZhZ/dahbGk4NKQh7LpEwWcBeBqpjk0IwlE+Bwa/vAs8xu3IBULgys9iqAjSD9gPUaJNpJXwG0mTA4ofOElN0cpbnNQSjGR3V3PSb1C0SnZY2C7VDWolKek6uAfq4imqHuFr3Y3pLGAQFNOlGo5dqQ7CZGaUQ5pvh0riAgdkj60DA2IANVJxj9J8aFRurgXSnMCjcfq7EZChFIj4ZtJQfRA/fYy8S+vFeveaSdhQRRrCOgkqBdzrEOc1YK7TALVfGQIoZKZt2I6IJJQbcqbS9FseJfmZ2v5n7gnpWrJviwXa7X7ST85tI8O0DFyUAXV0DmqIxdR9ICe0DN6sR6tV+vNep+MLljTTvfQHKyPbzDHofg=</latexit>

U(1)B ! L
<latexit sha1_base64="fc2bnpeGpI00kp5NYeXI16Utk3A=">AAACAnicdVDLSgNBEOz1GeMr6tHLYBDiwbArgZhb0IsHDxFcE0xCmJ3MJkNmZ5eZWSEuC178A6/6A57Eqz/i3Q9x8hAS0YKGoqqb7i4v4kxp2/60FhaXlldWM2vZ9Y3Nre3czu6NCmNJqEtCHsqGhxXlTFBXM81pI5IUBx6ndW9wPvLrd1QqFoprPYxoO8A9wXxGsDbSrVtwjjrJ2fFl2snlnaI9BrKLFYNyaUoqDvqx8jBFrZP7anVDEgdUaMKxUk3HjnQ7wVIzwmmabcWKRpgMcI82DRU4oKqdjC9O0aFRusgPpSmh0VidnUhwoNQw8ExngHVf/fZG4l9eM9b+aTthIoo1FWSyyI850iEavY+6TFKi+dAQTCQztyLSxxITbUKa26LZ4D7NzsbyP3FPipWifVXKV6sPk3wysA8HUAAHylCFC6iBCwQEPMEzvFiP1qv1Zr1PWhesaaZ7MAfr4xvmBJgb</latexit><latexit sha1_base64="fc2bnpeGpI00kp5NYeXI16Utk3A=">AAACAnicdVDLSgNBEOz1GeMr6tHLYBDiwbArgZhb0IsHDxFcE0xCmJ3MJkNmZ5eZWSEuC178A6/6A57Eqz/i3Q9x8hAS0YKGoqqb7i4v4kxp2/60FhaXlldWM2vZ9Y3Nre3czu6NCmNJqEtCHsqGhxXlTFBXM81pI5IUBx6ndW9wPvLrd1QqFoprPYxoO8A9wXxGsDbSrVtwjjrJ2fFl2snlnaI9BrKLFYNyaUoqDvqx8jBFrZP7anVDEgdUaMKxUk3HjnQ7wVIzwmmabcWKRpgMcI82DRU4oKqdjC9O0aFRusgPpSmh0VidnUhwoNQw8ExngHVf/fZG4l9eM9b+aTthIoo1FWSyyI850iEavY+6TFKi+dAQTCQztyLSxxITbUKa26LZ4D7NzsbyP3FPipWifVXKV6sPk3wysA8HUAAHylCFC6iBCwQEPMEzvFiP1qv1Zr1PWhesaaZ7MAfr4xvmBJgb</latexit><latexit sha1_base64="fc2bnpeGpI00kp5NYeXI16Utk3A=">AAACAnicdVDLSgNBEOz1GeMr6tHLYBDiwbArgZhb0IsHDxFcE0xCmJ3MJkNmZ5eZWSEuC178A6/6A57Eqz/i3Q9x8hAS0YKGoqqb7i4v4kxp2/60FhaXlldWM2vZ9Y3Nre3czu6NCmNJqEtCHsqGhxXlTFBXM81pI5IUBx6ndW9wPvLrd1QqFoprPYxoO8A9wXxGsDbSrVtwjjrJ2fFl2snlnaI9BrKLFYNyaUoqDvqx8jBFrZP7anVDEgdUaMKxUk3HjnQ7wVIzwmmabcWKRpgMcI82DRU4oKqdjC9O0aFRusgPpSmh0VidnUhwoNQw8ExngHVf/fZG4l9eM9b+aTthIoo1FWSyyI850iEavY+6TFKi+dAQTCQztyLSxxITbUKa26LZ4D7NzsbyP3FPipWifVXKV6sPk3wysA8HUAAHylCFC6iBCwQEPMEzvFiP1qv1Zr1PWhesaaZ7MAfr4xvmBJgb</latexit>

Further TeV Scale Vectors in Gauge Models

But the breaking which gives mass to the U1 does not 
necessarily break 
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Now we can write a consistent UV theory

E.g., GNP = SU(4) ! SU(2)L ! U(1)!
<latexit sha1_base64="4X8vStpQRG97oBYGidbSO81KpwI="></latexit><latexit sha1_base64="4X8vStpQRG97oBYGidbSO81KpwI="></latexit><latexit sha1_base64="4X8vStpQRG97oBYGidbSO81KpwI="></latexit>

Further TeV Scale Vectors in Gauge Models
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Now we can write a consistent UV theory

Unfortunately it would be ruled out

E.g., GNP = SU(4) ! SU(2)L ! U(1)!
<latexit sha1_base64="4X8vStpQRG97oBYGidbSO81KpwI="></latexit><latexit sha1_base64="4X8vStpQRG97oBYGidbSO81KpwI="></latexit><latexit sha1_base64="4X8vStpQRG97oBYGidbSO81KpwI="></latexit>

Further TeV Scale Vectors in Gauge Models



 10

Now we can write a consistent UV theory

Unfortunately it would be ruled out

E.g., GNP = SU(4) ! SU(2)L ! U(1)!
<latexit sha1_base64="4X8vStpQRG97oBYGidbSO81KpwI="></latexit><latexit sha1_base64="4X8vStpQRG97oBYGidbSO81KpwI="></latexit><latexit sha1_base64="4X8vStpQRG97oBYGidbSO81KpwI="></latexit>

Coupling constants all come from same SU(4) so

Further TeV Scale Vectors in Gauge Models

gi
U = gi

Z ! = gs
<latexit sha1_base64="ybyS3Gcy4JGk9LiTYD/wg8gIEbU=">AAACEHicdZDLSsNAGIUnXmu9RQU3bgaL6CokUqhdCAU3LisYW2xjmEwn6dDJhZmJUGPAd/AN3OoLuBK3voF7H8RpG6EVPTDwcc4//D/HSxgV0jQ/tbn5hcWl5dJKeXVtfWNT39q+EnHKMbFxzGLe9pAgjEbEllQy0k44QaHHSMsbnI3y1i3hgsbRpRwmxAlREFGfYiSV5eq7gWvfUHgKAze7PswLFK5esQxzLGgadaVatYC6BX+iCijUdPWvbi/GaUgiiRkSomOZiXQyxCXFjOTlbipIgvAABaSjMEIhEU42vj+HB8rpQT/m6kUSjt3pHxkKhRiGnpoMkeyL39nI/CvrpNI/cTIaJakkEZ4s8lMGZQxHZcAe5QRLNlSAMKfqVoj7iCMsVWUzWyQd3OXl6Vr+B/vYqBvmRbXSaDxM+imBPbAPjoAFaqABzkET2ACDe/AEnsGL9qi9am/a+2R0Tis63QEz0j6+AQBunPY=</latexit><latexit sha1_base64="ybyS3Gcy4JGk9LiTYD/wg8gIEbU=">AAACEHicdZDLSsNAGIUnXmu9RQU3bgaL6CokUqhdCAU3LisYW2xjmEwn6dDJhZmJUGPAd/AN3OoLuBK3voF7H8RpG6EVPTDwcc4//D/HSxgV0jQ/tbn5hcWl5dJKeXVtfWNT39q+EnHKMbFxzGLe9pAgjEbEllQy0k44QaHHSMsbnI3y1i3hgsbRpRwmxAlREFGfYiSV5eq7gWvfUHgKAze7PswLFK5esQxzLGgadaVatYC6BX+iCijUdPWvbi/GaUgiiRkSomOZiXQyxCXFjOTlbipIgvAABaSjMEIhEU42vj+HB8rpQT/m6kUSjt3pHxkKhRiGnpoMkeyL39nI/CvrpNI/cTIaJakkEZ4s8lMGZQxHZcAe5QRLNlSAMKfqVoj7iCMsVWUzWyQd3OXl6Vr+B/vYqBvmRbXSaDxM+imBPbAPjoAFaqABzkET2ACDe/AEnsGL9qi9am/a+2R0Tis63QEz0j6+AQBunPY=</latexit><latexit sha1_base64="ybyS3Gcy4JGk9LiTYD/wg8gIEbU=">AAACEHicdZDLSsNAGIUnXmu9RQU3bgaL6CokUqhdCAU3LisYW2xjmEwn6dDJhZmJUGPAd/AN3OoLuBK3voF7H8RpG6EVPTDwcc4//D/HSxgV0jQ/tbn5hcWl5dJKeXVtfWNT39q+EnHKMbFxzGLe9pAgjEbEllQy0k44QaHHSMsbnI3y1i3hgsbRpRwmxAlREFGfYiSV5eq7gWvfUHgKAze7PswLFK5esQxzLGgadaVatYC6BX+iCijUdPWvbi/GaUgiiRkSomOZiXQyxCXFjOTlbipIgvAABaSjMEIhEU42vj+HB8rpQT/m6kUSjt3pHxkKhRiGnpoMkeyL39nI/CvrpNI/cTIaJakkEZ4s8lMGZQxHZcAe5QRLNlSAMKfqVoj7iCMsVWUzWyQd3OXl6Vr+B/vYqBvmRbXSaDxM+imBPbAPjoAFaqABzkET2ACDe/AEnsGL9qi9am/a+2R0Tis63QEz0j6+AQBunPY=</latexit>
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Now we can write a consistent UV theory

Unfortunately it would be ruled out

E.g., GNP = SU(4) ! SU(2)L ! U(1)!
<latexit sha1_base64="4X8vStpQRG97oBYGidbSO81KpwI="></latexit><latexit sha1_base64="4X8vStpQRG97oBYGidbSO81KpwI="></latexit><latexit sha1_base64="4X8vStpQRG97oBYGidbSO81KpwI="></latexit>

Coupling constants all come from same SU(4) so

U1 and ZÕ with this FU coupling are ruled out below ~ 5 TeV

But ßavour anomalies require a U1 at 2 - 4 TeV

Further TeV Scale Vectors in Gauge Models

gi
U = gi

Z ! = gs
<latexit sha1_base64="ybyS3Gcy4JGk9LiTYD/wg8gIEbU=">AAACEHicdZDLSsNAGIUnXmu9RQU3bgaL6CokUqhdCAU3LisYW2xjmEwn6dDJhZmJUGPAd/AN3OoLuBK3voF7H8RpG6EVPTDwcc4//D/HSxgV0jQ/tbn5hcWl5dJKeXVtfWNT39q+EnHKMbFxzGLe9pAgjEbEllQy0k44QaHHSMsbnI3y1i3hgsbRpRwmxAlREFGfYiSV5eq7gWvfUHgKAze7PswLFK5esQxzLGgadaVatYC6BX+iCijUdPWvbi/GaUgiiRkSomOZiXQyxCXFjOTlbipIgvAABaSjMEIhEU42vj+HB8rpQT/m6kUSjt3pHxkKhRiGnpoMkeyL39nI/CvrpNI/cTIaJakkEZ4s8lMGZQxHZcAe5QRLNlSAMKfqVoj7iCMsVWUzWyQd3OXl6Vr+B/vYqBvmRbXSaDxM+imBPbAPjoAFaqABzkET2ACDe/AEnsGL9qi9am/a+2R0Tis63QEz0j6+AQBunPY=</latexit><latexit sha1_base64="ybyS3Gcy4JGk9LiTYD/wg8gIEbU=">AAACEHicdZDLSsNAGIUnXmu9RQU3bgaL6CokUqhdCAU3LisYW2xjmEwn6dDJhZmJUGPAd/AN3OoLuBK3voF7H8RpG6EVPTDwcc4//D/HSxgV0jQ/tbn5hcWl5dJKeXVtfWNT39q+EnHKMbFxzGLe9pAgjEbEllQy0k44QaHHSMsbnI3y1i3hgsbRpRwmxAlREFGfYiSV5eq7gWvfUHgKAze7PswLFK5esQxzLGgadaVatYC6BX+iCijUdPWvbi/GaUgiiRkSomOZiXQyxCXFjOTlbipIgvAABaSjMEIhEU42vj+HB8rpQT/m6kUSjt3pHxkKhRiGnpoMkeyL39nI/CvrpNI/cTIaJakkEZ4s8lMGZQxHZcAe5QRLNlSAMKfqVoj7iCMsVWUzWyQd3OXl6Vr+B/vYqBvmRbXSaDxM+imBPbAPjoAFaqABzkET2ACDe/AEnsGL9qi9am/a+2R0Tis63QEz0j6+AQBunPY=</latexit><latexit sha1_base64="ybyS3Gcy4JGk9LiTYD/wg8gIEbU=">AAACEHicdZDLSsNAGIUnXmu9RQU3bgaL6CokUqhdCAU3LisYW2xjmEwn6dDJhZmJUGPAd/AN3OoLuBK3voF7H8RpG6EVPTDwcc4//D/HSxgV0jQ/tbn5hcWl5dJKeXVtfWNT39q+EnHKMbFxzGLe9pAgjEbEllQy0k44QaHHSMsbnI3y1i3hgsbRpRwmxAlREFGfYiSV5eq7gWvfUHgKAze7PswLFK5esQxzLGgadaVatYC6BX+iCijUdPWvbi/GaUgiiRkSomOZiXQyxCXFjOTlbipIgvAABaSjMEIhEU42vj+HB8rpQT/m6kUSjt3pHxkKhRiGnpoMkeyL39nI/CvrpNI/cTIaJakkEZ4s8lMGZQxHZcAe5QRLNlSAMKfqVoj7iCMsVWUzWyQd3OXl6Vr+B/vYqBvmRbXSaDxM+imBPbAPjoAFaqABzkET2ACDe/AEnsGL9qi9am/a+2R0Tis63QEz0j6+AQBunPY=</latexit>
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Now we can write a consistent UV theory

Unfortunately it would be ruled out

E.g., GNP = SU(4) ! SU(2)L ! U(1)!
<latexit sha1_base64="4X8vStpQRG97oBYGidbSO81KpwI="></latexit><latexit sha1_base64="4X8vStpQRG97oBYGidbSO81KpwI="></latexit><latexit sha1_base64="4X8vStpQRG97oBYGidbSO81KpwI="></latexit>

Coupling constants all come from same SU(4) so

U1 and ZÕ with this FU coupling are ruled out below ~ 5 TeV

But ßavour anomalies require a U1 at 2 - 4 TeV

Generators for U1, ZÕ and QCD should not come from same group

Further TeV Scale Vectors in Gauge Models

gi
U = gi

Z ! = gs
<latexit sha1_base64="ybyS3Gcy4JGk9LiTYD/wg8gIEbU=">AAACEHicdZDLSsNAGIUnXmu9RQU3bgaL6CokUqhdCAU3LisYW2xjmEwn6dDJhZmJUGPAd/AN3OoLuBK3voF7H8RpG6EVPTDwcc4//D/HSxgV0jQ/tbn5hcWl5dJKeXVtfWNT39q+EnHKMbFxzGLe9pAgjEbEllQy0k44QaHHSMsbnI3y1i3hgsbRpRwmxAlREFGfYiSV5eq7gWvfUHgKAze7PswLFK5esQxzLGgadaVatYC6BX+iCijUdPWvbi/GaUgiiRkSomOZiXQyxCXFjOTlbipIgvAABaSjMEIhEU42vj+HB8rpQT/m6kUSjt3pHxkKhRiGnpoMkeyL39nI/CvrpNI/cTIaJakkEZ4s8lMGZQxHZcAe5QRLNlSAMKfqVoj7iCMsVWUzWyQd3OXl6Vr+B/vYqBvmRbXSaDxM+imBPbAPjoAFaqABzkET2ACDe/AEnsGL9qi9am/a+2R0Tis63QEz0j6+AQBunPY=</latexit><latexit sha1_base64="ybyS3Gcy4JGk9LiTYD/wg8gIEbU=">AAACEHicdZDLSsNAGIUnXmu9RQU3bgaL6CokUqhdCAU3LisYW2xjmEwn6dDJhZmJUGPAd/AN3OoLuBK3voF7H8RpG6EVPTDwcc4//D/HSxgV0jQ/tbn5hcWl5dJKeXVtfWNT39q+EnHKMbFxzGLe9pAgjEbEllQy0k44QaHHSMsbnI3y1i3hgsbRpRwmxAlREFGfYiSV5eq7gWvfUHgKAze7PswLFK5esQxzLGgadaVatYC6BX+iCijUdPWvbi/GaUgiiRkSomOZiXQyxCXFjOTlbipIgvAABaSjMEIhEU42vj+HB8rpQT/m6kUSjt3pHxkKhRiGnpoMkeyL39nI/CvrpNI/cTIaJakkEZ4s8lMGZQxHZcAe5QRLNlSAMKfqVoj7iCMsVWUzWyQd3OXl6Vr+B/vYqBvmRbXSaDxM+imBPbAPjoAFaqABzkET2ACDe/AEnsGL9qi9am/a+2R0Tis63QEz0j6+AQBunPY=</latexit><latexit sha1_base64="ybyS3Gcy4JGk9LiTYD/wg8gIEbU=">AAACEHicdZDLSsNAGIUnXmu9RQU3bgaL6CokUqhdCAU3LisYW2xjmEwn6dDJhZmJUGPAd/AN3OoLuBK3voF7H8RpG6EVPTDwcc4//D/HSxgV0jQ/tbn5hcWl5dJKeXVtfWNT39q+EnHKMbFxzGLe9pAgjEbEllQy0k44QaHHSMsbnI3y1i3hgsbRpRwmxAlREFGfYiSV5eq7gWvfUHgKAze7PswLFK5esQxzLGgadaVatYC6BX+iCijUdPWvbi/GaUgiiRkSomOZiXQyxCXFjOTlbipIgvAABaSjMEIhEU42vj+HB8rpQT/m6kUSjt3pHxkKhRiGnpoMkeyL39nI/CvrpNI/cTIaJakkEZ4s8lMGZQxHZcAe5QRLNlSAMKfqVoj7iCMsVWUzWyQd3OXl6Vr+B/vYqBvmRbXSaDxM+imBPbAPjoAFaqABzkET2ACDe/AEnsGL9qi9am/a+2R0Tis63QEz0j6+AQBunPY=</latexit>

=)
<latexit sha1_base64="R3eQsUQ0yB7rOz0iSNj33s0QBgg=">AAACAHicdVDLSgMxFL1TX7W+qi7dBIvgapiKUAsuCm5cVnBsoR1KJs20oUlmSDJCHbryD9zqD7gSt/6Jez/EtB2hFT0QOJxzL+fmhAln2njep1NYWV1b3yhulra2d3b3yvsHdzpOFaE+iXms2iHWlDNJfcMMp+1EUSxCTlvh6Grqt+6p0iyWt2ac0EDggWQRI9hYqd1lwqZQ3StXqq43A/LcukXtPCf1KvqxKpCj2St/dfsxSQWVhnCsdafqJSbIsDKMcDopdVNNE0xGeEA7lkosqA6y2b0TdGKVPopiZZ80aKYubmRYaD0WoZ0U2Az1b28q/uV1UhNdBBmTSWqoJPOgKOXIxGj6edRnihLDx5Zgopi9FZEhVpgYW9FSimGjh0lpsZb/iX/m1l3v5rzSuMz7KcIRHMMpVKEGDbiGJvhAgMMTPMOL8+i8Om/O+3y04OQ7h7AE5+MbFc6X6Q==</latexit><latexit sha1_base64="R3eQsUQ0yB7rOz0iSNj33s0QBgg=">AAACAHicdVDLSgMxFL1TX7W+qi7dBIvgapiKUAsuCm5cVnBsoR1KJs20oUlmSDJCHbryD9zqD7gSt/6Jez/EtB2hFT0QOJxzL+fmhAln2njep1NYWV1b3yhulra2d3b3yvsHdzpOFaE+iXms2iHWlDNJfcMMp+1EUSxCTlvh6Grqt+6p0iyWt2ac0EDggWQRI9hYqd1lwqZQ3StXqq43A/LcukXtPCf1KvqxKpCj2St/dfsxSQWVhnCsdafqJSbIsDKMcDopdVNNE0xGeEA7lkosqA6y2b0TdGKVPopiZZ80aKYubmRYaD0WoZ0U2Az1b28q/uV1UhNdBBmTSWqoJPOgKOXIxGj6edRnihLDx5Zgopi9FZEhVpgYW9FSimGjh0lpsZb/iX/m1l3v5rzSuMz7KcIRHMMpVKEGDbiGJvhAgMMTPMOL8+i8Om/O+3y04OQ7h7AE5+MbFc6X6Q==</latexit><latexit sha1_base64="R3eQsUQ0yB7rOz0iSNj33s0QBgg=">AAACAHicdVDLSgMxFL1TX7W+qi7dBIvgapiKUAsuCm5cVnBsoR1KJs20oUlmSDJCHbryD9zqD7gSt/6Jez/EtB2hFT0QOJxzL+fmhAln2njep1NYWV1b3yhulra2d3b3yvsHdzpOFaE+iXms2iHWlDNJfcMMp+1EUSxCTlvh6Grqt+6p0iyWt2ac0EDggWQRI9hYqd1lwqZQ3StXqq43A/LcukXtPCf1KvqxKpCj2St/dfsxSQWVhnCsdafqJSbIsDKMcDopdVNNE0xGeEA7lkosqA6y2b0TdGKVPopiZZ80aKYubmRYaD0WoZ0U2Az1b28q/uV1UhNdBBmTSWqoJPOgKOXIxGj6edRnihLDx5Zgopi9FZEhVpgYW9FSimGjh0lpsZb/iX/m1l3v5rzSuMz7KcIRHMMpVKEGDbiGJvhAgMMTPMOL8+i8Om/O+3y04OQ7h7AE5+MbFc6X6Q==</latexit>
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Minimal option is Gmin
NP = SU(4) ! SU(3)! ! SU(2)L ! U(1)!

<latexit sha1_base64="k7kyFsXxZ4fYn8TKHd3ymEkL1L8="></latexit><latexit sha1_base64="k7kyFsXxZ4fYn8TKHd3ymEkL1L8="></latexit><latexit sha1_base64="k7kyFsXxZ4fYn8TKHd3ymEkL1L8="></latexit>
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Minimal option is Gmin
NP = SU(4) ! SU(3)! ! SU(2)L ! U(1)!

<latexit sha1_base64="k7kyFsXxZ4fYn8TKHd3ymEkL1L8="></latexit><latexit sha1_base64="k7kyFsXxZ4fYn8TKHd3ymEkL1L8="></latexit><latexit sha1_base64="k7kyFsXxZ4fYn8TKHd3ymEkL1L8="></latexit>

SU(3)c
<latexit sha1_base64="BgGMJ8MaEwYhkBzoD+wl37w0vlo=">AAAB/3icdVDLSsNAFJ34rPVVdelmsAh1E1It1O4KblxWNLbQhjKZTtohk0mYuRFqKIh/4FZ/wJW49VPc+yFOH0IreuDC4Zx7ufcePxFcg+N8WkvLK6tr67mN/ObW9s5uYW//VseposylsYhVyyeaCS6ZCxwEayWKkcgXrOmHF2O/eceU5rG8gWHCvIj0JQ84JWCk5rVbOjvp0m6hWLadCbBj1wyqlRmplfGPVUQzNLqFr04vpmnEJFBBtG6XnQS8jCjgVLBRvpNqlhAakj5rGypJxLSXTc4d4WOj9HAQK1MS8ESdn8hIpPUw8k1nRGCgf3tj8S+vnUJw7mVcJikwSaeLglRgiPH4d9zjilEQQ0MIVdzciumAKELBJLSwBXh4P8rPx/I/cU/tmu1cVYr1+sM0nxw6REeohMqoiuroEjWQiygK0RN6Ri/Wo/VqvVnv09Yla5bpAVqA9fEN446XAg==</latexit><latexit sha1_base64="BgGMJ8MaEwYhkBzoD+wl37w0vlo=">AAAB/3icdVDLSsNAFJ34rPVVdelmsAh1E1It1O4KblxWNLbQhjKZTtohk0mYuRFqKIh/4FZ/wJW49VPc+yFOH0IreuDC4Zx7ufcePxFcg+N8WkvLK6tr67mN/ObW9s5uYW//VseposylsYhVyyeaCS6ZCxwEayWKkcgXrOmHF2O/eceU5rG8gWHCvIj0JQ84JWCk5rVbOjvp0m6hWLadCbBj1wyqlRmplfGPVUQzNLqFr04vpmnEJFBBtG6XnQS8jCjgVLBRvpNqlhAakj5rGypJxLSXTc4d4WOj9HAQK1MS8ESdn8hIpPUw8k1nRGCgf3tj8S+vnUJw7mVcJikwSaeLglRgiPH4d9zjilEQQ0MIVdzciumAKELBJLSwBXh4P8rPx/I/cU/tmu1cVYr1+sM0nxw6REeohMqoiuroEjWQiygK0RN6Ri/Wo/VqvVnv09Yla5bpAVqA9fEN446XAg==</latexit><latexit sha1_base64="BgGMJ8MaEwYhkBzoD+wl37w0vlo=">AAAB/3icdVDLSsNAFJ34rPVVdelmsAh1E1It1O4KblxWNLbQhjKZTtohk0mYuRFqKIh/4FZ/wJW49VPc+yFOH0IreuDC4Zx7ufcePxFcg+N8WkvLK6tr67mN/ObW9s5uYW//VseposylsYhVyyeaCS6ZCxwEayWKkcgXrOmHF2O/eceU5rG8gWHCvIj0JQ84JWCk5rVbOjvp0m6hWLadCbBj1wyqlRmplfGPVUQzNLqFr04vpmnEJFBBtG6XnQS8jCjgVLBRvpNqlhAakj5rGypJxLSXTc4d4WOj9HAQK1MS8ESdn8hIpPUw8k1nRGCgf3tj8S+vnUJw7mVcJikwSaeLglRgiPH4d9zjilEQQ0MIVdzciumAKELBJLSwBXh4P8rPx/I/cU/tmu1cVYr1+sM0nxw6REeohMqoiuroEjWQiygK0RN6Ri/Wo/VqvVnv09Yla5bpAVqA9fEN446XAg==</latexit>

SU (4) ! SU (3)!
<latexit sha1_base64="rP93MFtgEU4E9HJn+SqLavIpbuU=">AAACDHicdVBLSgNBFOzxG+NvjEs3jUFMNsNEAzG7gBuXER0TSIbQ0+lJmvR86H4jxiHgDbyBW72AK3HrHdx7EDsfIREteFBUvUc9yosFV2Dbn8bS8srq2npmI7u5tb2za+7lblSUSMocGolINj2imOAhc4CDYM1YMhJ4gjW8wfnYb9wyqXgUXsMwZm5AeiH3OSWgpY6Zu3IK5WIbeMAU1vy0eNwx8yXLngDbVlWjUp6Ragn/WHk0Q71jfrW7EU0CFgIVRKlWyY7BTYkETgUbZduJYjGhA9JjLU1DorPcdPL7CB9ppYv9SOoJAU/U+YuUBEoNA09vBgT66rc3Fv/yWgn4Z27KwzgBFtJpkJ8IDBEeF4G7XDIKYqgJoZLrXzHtE0ko6LoWUoAP7kfZ+Vr+J86JVbXsy3K+VnuY9pNBB+gQFVAJVVANXaA6chBFd+gJPaMX49F4Nd6M9+nqkjHrdB8twPj4BillmtE=</latexit><latexit sha1_base64="rP93MFtgEU4E9HJn+SqLavIpbuU=">AAACDHicdVBLSgNBFOzxG+NvjEs3jUFMNsNEAzG7gBuXER0TSIbQ0+lJmvR86H4jxiHgDbyBW72AK3HrHdx7EDsfIREteFBUvUc9yosFV2Dbn8bS8srq2npmI7u5tb2za+7lblSUSMocGolINj2imOAhc4CDYM1YMhJ4gjW8wfnYb9wyqXgUXsMwZm5AeiH3OSWgpY6Zu3IK5WIbeMAU1vy0eNwx8yXLngDbVlWjUp6Ragn/WHk0Q71jfrW7EU0CFgIVRKlWyY7BTYkETgUbZduJYjGhA9JjLU1DorPcdPL7CB9ppYv9SOoJAU/U+YuUBEoNA09vBgT66rc3Fv/yWgn4Z27KwzgBFtJpkJ8IDBEeF4G7XDIKYqgJoZLrXzHtE0ko6LoWUoAP7kfZ+Vr+J86JVbXsy3K+VnuY9pNBB+gQFVAJVVANXaA6chBFd+gJPaMX49F4Nd6M9+nqkjHrdB8twPj4BillmtE=</latexit><latexit sha1_base64="rP93MFtgEU4E9HJn+SqLavIpbuU=">AAACDHicdVBLSgNBFOzxG+NvjEs3jUFMNsNEAzG7gBuXER0TSIbQ0+lJmvR86H4jxiHgDbyBW72AK3HrHdx7EDsfIREteFBUvUc9yosFV2Dbn8bS8srq2npmI7u5tb2za+7lblSUSMocGolINj2imOAhc4CDYM1YMhJ4gjW8wfnYb9wyqXgUXsMwZm5AeiH3OSWgpY6Zu3IK5WIbeMAU1vy0eNwx8yXLngDbVlWjUp6Ragn/WHk0Q71jfrW7EU0CFgIVRKlWyY7BTYkETgUbZduJYjGhA9JjLU1DorPcdPL7CB9ppYv9SOoJAU/U+YuUBEoNA09vBgT66rc3Fv/yWgn4Z27KwzgBFtJpkJ8IDBEeF4G7XDIKYqgJoZLrXzHtE0ko6LoWUoAP7kfZ+Vr+J86JVbXsy3K+VnuY9pNBB+gQFVAJVVANXaA6chBFd+gJPaMX49F4Nd6M9+nqkjHrdB8twPj4BillmtE=</latexit>

The breaking requires a colour-octet vector (GÕ), with

MG0 . MU1
<latexit sha1_base64="q2AnQbvlA/u60FMHhgu8orqeFwU=">AAACEHicdVDLSsNAFJ3UV62vqODGzWARXYVECrW7ggvdCBWMLbQhTKaTduhkEmYmQo0B/8E/cKs/4Erc+gfu/RCnD6EVPXDh3HPu5V5OkDAqlW1/GoWFxaXlleJqaW19Y3PL3N65kXEqMHFxzGLRCpAkjHLiKqoYaSWCoChgpBkMzkZ+85YISWN+rYYJ8SLU4zSkGCkt+ebepZ+dH+Www4iUkkZQ966T+2bZsewxoG3VNKqVKak58McqgykavvnV6cY4jQhXmCEp246dKC9DQlHMSF7qpJIkCA9Qj7Q15Sgi0svG/+fwUCtdGMZCF1dwrM5uZCiSchgFejJCqi9/eyPxL6+dqvDUyyhPUkU4nhwKUwZVDEdhwC4VBCs21ARhQfWvEPeRQFjpyOauKDq4y0uzsfxP3BOrZtlXlXK9/jDJpwj2wQE4Bg6ogjq4AA3gAgzuwRN4Bi/Go/FqvBnvk9GCMc10F8zB+PgGMaWdsw==</latexit><latexit sha1_base64="q2AnQbvlA/u60FMHhgu8orqeFwU=">AAACEHicdVDLSsNAFJ3UV62vqODGzWARXYVECrW7ggvdCBWMLbQhTKaTduhkEmYmQo0B/8E/cKs/4Erc+gfu/RCnD6EVPXDh3HPu5V5OkDAqlW1/GoWFxaXlleJqaW19Y3PL3N65kXEqMHFxzGLRCpAkjHLiKqoYaSWCoChgpBkMzkZ+85YISWN+rYYJ8SLU4zSkGCkt+ebepZ+dH+Www4iUkkZQ966T+2bZsewxoG3VNKqVKak58McqgykavvnV6cY4jQhXmCEp246dKC9DQlHMSF7qpJIkCA9Qj7Q15Sgi0svG/+fwUCtdGMZCF1dwrM5uZCiSchgFejJCqi9/eyPxL6+dqvDUyyhPUkU4nhwKUwZVDEdhwC4VBCs21ARhQfWvEPeRQFjpyOauKDq4y0uzsfxP3BOrZtlXlXK9/jDJpwj2wQE4Bg6ogjq4AA3gAgzuwRN4Bi/Go/FqvBnvk9GCMc10F8zB+PgGMaWdsw==</latexit><latexit sha1_base64="q2AnQbvlA/u60FMHhgu8orqeFwU=">AAACEHicdVDLSsNAFJ3UV62vqODGzWARXYVECrW7ggvdCBWMLbQhTKaTduhkEmYmQo0B/8E/cKs/4Erc+gfu/RCnD6EVPXDh3HPu5V5OkDAqlW1/GoWFxaXlleJqaW19Y3PL3N65kXEqMHFxzGLRCpAkjHLiKqoYaSWCoChgpBkMzkZ+85YISWN+rYYJ8SLU4zSkGCkt+ebepZ+dH+Www4iUkkZQ966T+2bZsewxoG3VNKqVKak58McqgykavvnV6cY4jQhXmCEp246dKC9DQlHMSF7qpJIkCA9Qj7Q15Sgi0svG/+fwUCtdGMZCF1dwrM5uZCiSchgFejJCqi9/eyPxL6+dqvDUyyhPUkU4nhwKUwZVDEdhwC4VBCs21ARhQfWvEPeRQFjpyOauKDq4y0uzsfxP3BOrZtlXlXK9/jDJpwj2wQE4Bg6ogjq4AA3gAgzuwRN4Bi/Go/FqvBnvk9GCMc10F8zB+PgGMaWdsw==</latexit>

where is diagonal subgroup of
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Further TeV Scale Vectors in Strongly Interacting Models

2. Strongly Interacting Models
Now the (colour-triplet) U1 is a bound state of two fermions

These fermions must be charged under SU(3)c
<latexit sha1_base64="BgGMJ8MaEwYhkBzoD+wl37w0vlo=">AAAB/3icdVDLSsNAFJ34rPVVdelmsAh1E1It1O4KblxWNLbQhjKZTtohk0mYuRFqKIh/4FZ/wJW49VPc+yFOH0IreuDC4Zx7ufcePxFcg+N8WkvLK6tr67mN/ObW9s5uYW//VseposylsYhVyyeaCS6ZCxwEayWKkcgXrOmHF2O/eceU5rG8gWHCvIj0JQ84JWCk5rVbOjvp0m6hWLadCbBj1wyqlRmplfGPVUQzNLqFr04vpmnEJFBBtG6XnQS8jCjgVLBRvpNqlhAakj5rGypJxLSXTc4d4WOj9HAQK1MS8ESdn8hIpPUw8k1nRGCgf3tj8S+vnUJw7mVcJikwSaeLglRgiPH4d9zjilEQQ0MIVdzciumAKELBJLSwBXh4P8rPx/I/cU/tmu1cVYr1+sM0nxw6REeohMqoiuroEjWQiygK0RN6Ri/Wo/VqvVnv09Yla5bpAVqA9fEN446XAg==</latexit><latexit sha1_base64="BgGMJ8MaEwYhkBzoD+wl37w0vlo=">AAAB/3icdVDLSsNAFJ34rPVVdelmsAh1E1It1O4KblxWNLbQhjKZTtohk0mYuRFqKIh/4FZ/wJW49VPc+yFOH0IreuDC4Zx7ufcePxFcg+N8WkvLK6tr67mN/ObW9s5uYW//VseposylsYhVyyeaCS6ZCxwEayWKkcgXrOmHF2O/eceU5rG8gWHCvIj0JQ84JWCk5rVbOjvp0m6hWLadCbBj1wyqlRmplfGPVUQzNLqFr04vpmnEJFBBtG6XnQS8jCjgVLBRvpNqlhAakj5rGypJxLSXTc4d4WOj9HAQK1MS8ESdn8hIpPUw8k1nRGCgf3tj8S+vnUJw7mVcJikwSaeLglRgiPH4d9zjilEQQ0MIVdzciumAKELBJLSwBXh4P8rPx/I/cU/tmu1cVYr1+sM0nxw6REeohMqoiuroEjWQiygK0RN6Ri/Wo/VqvVnv09Yla5bpAVqA9fEN446XAg==</latexit><latexit sha1_base64="BgGMJ8MaEwYhkBzoD+wl37w0vlo=">AAAB/3icdVDLSsNAFJ34rPVVdelmsAh1E1It1O4KblxWNLbQhjKZTtohk0mYuRFqKIh/4FZ/wJW49VPc+yFOH0IreuDC4Zx7ufcePxFcg+N8WkvLK6tr67mN/ObW9s5uYW//VseposylsYhVyyeaCS6ZCxwEayWKkcgXrOmHF2O/eceU5rG8gWHCvIj0JQ84JWCk5rVbOjvp0m6hWLadCbBj1wyqlRmplfGPVUQzNLqFr04vpmnEJFBBtG6XnQS8jCjgVLBRvpNqlhAakj5rGypJxLSXTc4d4WOj9HAQK1MS8ESdn8hIpPUw8k1nRGCgf3tj8S+vnUJw7mVcJikwSaeLglRgiPH4d9zjilEQQ0MIVdzciumAKELBJLSwBXh4P8rPx/I/cU/tmu1cVYr1+sM0nxw6REeohMqoiuroEjWQiygK0RN6Ri/Wo/VqvVnv09Yla5bpAVqA9fEN446XAg==</latexit>
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�↵
q
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<latexit sha1_base64="BgGMJ8MaEwYhkBzoD+wl37w0vlo=">AAAB/3icdVDLSsNAFJ34rPVVdelmsAh1E1It1O4KblxWNLbQhjKZTtohk0mYuRFqKIh/4FZ/wJW49VPc+yFOH0IreuDC4Zx7ufcePxFcg+N8WkvLK6tr67mN/ObW9s5uYW//VseposylsYhVyyeaCS6ZCxwEayWKkcgXrOmHF2O/eceU5rG8gWHCvIj0JQ84JWCk5rVbOjvp0m6hWLadCbBj1wyqlRmplfGPVUQzNLqFr04vpmnEJFBBtG6XnQS8jCjgVLBRvpNqlhAakj5rGypJxLSXTc4d4WOj9HAQK1MS8ESdn8hIpPUw8k1nRGCgf3tj8S+vnUJw7mVcJikwSaeLglRgiPH4d9zjilEQQ0MIVdzciumAKELBJLSwBXh4P8rPx/I/cU/tmu1cVYr1+sM0nxw6REeohMqoiuroEjWQiygK0RN6Ri/Wo/VqvVnv09Yla5bpAVqA9fEN446XAg==</latexit><latexit sha1_base64="BgGMJ8MaEwYhkBzoD+wl37w0vlo=">AAAB/3icdVDLSsNAFJ34rPVVdelmsAh1E1It1O4KblxWNLbQhjKZTtohk0mYuRFqKIh/4FZ/wJW49VPc+yFOH0IreuDC4Zx7ufcePxFcg+N8WkvLK6tr67mN/ObW9s5uYW//VseposylsYhVyyeaCS6ZCxwEayWKkcgXrOmHF2O/eceU5rG8gWHCvIj0JQ84JWCk5rVbOjvp0m6hWLadCbBj1wyqlRmplfGPVUQzNLqFr04vpmnEJFBBtG6XnQS8jCjgVLBRvpNqlhAakj5rGypJxLSXTc4d4WOj9HAQK1MS8ESdn8hIpPUw8k1nRGCgf3tj8S+vnUJw7mVcJikwSaeLglRgiPH4d9zjilEQQ0MIVdzciumAKELBJLSwBXh4P8rPx/I/cU/tmu1cVYr1+sM0nxw6REeohMqoiuroEjWQiygK0RN6Ri/Wo/VqvVnv09Yla5bpAVqA9fEN446XAg==</latexit><latexit sha1_base64="BgGMJ8MaEwYhkBzoD+wl37w0vlo=">AAAB/3icdVDLSsNAFJ34rPVVdelmsAh1E1It1O4KblxWNLbQhjKZTtohk0mYuRFqKIh/4FZ/wJW49VPc+yFOH0IreuDC4Zx7ufcePxFcg+N8WkvLK6tr67mN/ObW9s5uYW//VseposylsYhVyyeaCS6ZCxwEayWKkcgXrOmHF2O/eceU5rG8gWHCvIj0JQ84JWCk5rVbOjvp0m6hWLadCbBj1wyqlRmplfGPVUQzNLqFr04vpmnEJFBBtG6XnQS8jCjgVLBRvpNqlhAakj5rGypJxLSXTc4d4WOj9HAQK1MS8ESdn8hIpPUw8k1nRGCgf3tj8S+vnUJw7mVcJikwSaeLglRgiPH4d9zjilEQQ0MIVdzciumAKELBJLSwBXh4P8rPx/I/cU/tmu1cVYr1+sM0nxw6REeohMqoiuroEjWQiygK0RN6Ri/Wo/VqvVnv09Yla5bpAVqA9fEN446XAg==</latexit>

The simplest option is a colour singlet      and a triplet! `
<latexit sha1_base64="ULkm4uDCnty9Ba6EdQYHUvYUuxs=">AAACAXicdVDLSsNAFJ3UV62vqks3g0VwFRIp1O4KblxWMLbShDKZTtqhM0mYuRFqKLjwD9zqD7gSt36Jez/E6UNoRQ9cOJxzL/feE6aCa3CcT6uwsrq2vlHcLG1t7+zulfcPbnSSKco8mohEtUOimeAx84CDYO1UMSJDwVrh8GLit+6Y0jyJr2GUskCSfswjTgkY6danA971mRDdcsW1nSmwY9cNatU5qbv4x6qgOZrd8pffS2gmWQxUEK07rpNCkBMFnAo2LvmZZimhQ9JnHUNjIpkO8unBY3xilB6OEmUqBjxVFydyIrUeydB0SgID/dubiH95nQyi8yDncZoBi+lsUZQJDAmefI97XDEKYmQIoYqbWzEdEEUomIyWtgAf3o9Li7H8T7wzu247V9VKo/Ewy6eIjtAxOkUuqqEGukRN5CGKJHpCz+jFerRerTfrfdZasOaZHqIlWB/fvrSYsA==</latexit><latexit sha1_base64="ULkm4uDCnty9Ba6EdQYHUvYUuxs=">AAACAXicdVDLSsNAFJ3UV62vqks3g0VwFRIp1O4KblxWMLbShDKZTtqhM0mYuRFqKLjwD9zqD7gSt36Jez/E6UNoRQ9cOJxzL/feE6aCa3CcT6uwsrq2vlHcLG1t7+zulfcPbnSSKco8mohEtUOimeAx84CDYO1UMSJDwVrh8GLit+6Y0jyJr2GUskCSfswjTgkY6danA971mRDdcsW1nSmwY9cNatU5qbv4x6qgOZrd8pffS2gmWQxUEK07rpNCkBMFnAo2LvmZZimhQ9JnHUNjIpkO8unBY3xilB6OEmUqBjxVFydyIrUeydB0SgID/dubiH95nQyi8yDncZoBi+lsUZQJDAmefI97XDEKYmQIoYqbWzEdEEUomIyWtgAf3o9Li7H8T7wzu247V9VKo/Ewy6eIjtAxOkUuqqEGukRN5CGKJHpCz+jFerRerTfrfdZasOaZHqIlWB/fvrSYsA==</latexit><latexit sha1_base64="ULkm4uDCnty9Ba6EdQYHUvYUuxs=">AAACAXicdVDLSsNAFJ3UV62vqks3g0VwFRIp1O4KblxWMLbShDKZTtqhM0mYuRFqKLjwD9zqD7gSt36Jez/E6UNoRQ9cOJxzL/feE6aCa3CcT6uwsrq2vlHcLG1t7+zulfcPbnSSKco8mohEtUOimeAx84CDYO1UMSJDwVrh8GLit+6Y0jyJr2GUskCSfswjTgkY6danA971mRDdcsW1nSmwY9cNatU5qbv4x6qgOZrd8pffS2gmWQxUEK07rpNCkBMFnAo2LvmZZimhQ9JnHUNjIpkO8unBY3xilB6OEmUqBjxVFydyIrUeydB0SgID/dubiH95nQyi8yDncZoBi+lsUZQJDAmefI97XDEKYmQIoYqbWzEdEEUomIyWtgAf3o9Li7H8T7wzu247V9VKo/Ewy6eIjtAxOkUuqqEGukRN5CGKJHpCz+jFerRerTfrfdZasOaZHqIlWB/fvrSYsA==</latexit>

�↵
q

<latexit sha1_base64="kS80fVDAdQjQNM7reJEdjHtIf84=">AAACBXicdZDLSsNAFIZP6q3WW9Wlm8EiuAqJFGp3BTcuKxhbaGKZTCfN0MmlMxOhhoJL38CtvoArcetzuPdBnF6EVvSHgZ//P8M5fH7KmVSW9WkUVlbX1jeKm6Wt7Z3dvfL+wY1MMkGoQxKeiLaPJeUspo5iitN2KiiOfE5b/uBi0rfuqJAsia/VKKVehPsxCxjBSkeeS0LWHd66mKch7pYrtmlNhSyzrlWrzk3dRj9VBeZqdstfbi8hWURjRTiWsmNbqfJyLBQjnI5LbiZpiskA92lH2xhHVHr59OgxOtFJDwWJ0C9WaJou/shxJOUo8vVkhFUof3eT8K+uk6ng3MtZnGaKxmS2KMg4UgmaEEA9JihRfKQNJoLpWxEJscBEaU5LWxQb3I9Li1j+N86ZWTetq2ql0XiY8SnCERzDKdhQgwZcQhMcIDCEJ3iGF+PReDXejPfZaMGYMz2EJRkf3+kSmnA=</latexit><latexit sha1_base64="kS80fVDAdQjQNM7reJEdjHtIf84=">AAACBXicdZDLSsNAFIZP6q3WW9Wlm8EiuAqJFGp3BTcuKxhbaGKZTCfN0MmlMxOhhoJL38CtvoArcetzuPdBnF6EVvSHgZ//P8M5fH7KmVSW9WkUVlbX1jeKm6Wt7Z3dvfL+wY1MMkGoQxKeiLaPJeUspo5iitN2KiiOfE5b/uBi0rfuqJAsia/VKKVehPsxCxjBSkeeS0LWHd66mKch7pYrtmlNhSyzrlWrzk3dRj9VBeZqdstfbi8hWURjRTiWsmNbqfJyLBQjnI5LbiZpiskA92lH2xhHVHr59OgxOtFJDwWJ0C9WaJou/shxJOUo8vVkhFUof3eT8K+uk6ng3MtZnGaKxmS2KMg4UgmaEEA9JihRfKQNJoLpWxEJscBEaU5LWxQb3I9Li1j+N86ZWTetq2ql0XiY8SnCERzDKdhQgwZcQhMcIDCEJ3iGF+PReDXejPfZaMGYMz2EJRkf3+kSmnA=</latexit><latexit sha1_base64="kS80fVDAdQjQNM7reJEdjHtIf84=">AAACBXicdZDLSsNAFIZP6q3WW9Wlm8EiuAqJFGp3BTcuKxhbaGKZTCfN0MmlMxOhhoJL38CtvoArcetzuPdBnF6EVvSHgZ//P8M5fH7KmVSW9WkUVlbX1jeKm6Wt7Z3dvfL+wY1MMkGoQxKeiLaPJeUspo5iitN2KiiOfE5b/uBi0rfuqJAsia/VKKVehPsxCxjBSkeeS0LWHd66mKch7pYrtmlNhSyzrlWrzk3dRj9VBeZqdstfbi8hWURjRTiWsmNbqfJyLBQjnI5LbiZpiskA92lH2xhHVHr59OgxOtFJDwWJ0C9WaJou/shxJOUo8vVkhFUof3eT8K+uk6ng3MtZnGaKxmS2KMg4UgmaEEA9JihRfKQNJoLpWxEJscBEaU5LWxQb3I9Li1j+N86ZWTetq2ql0XiY8SnCERzDKdhQgwZcQhMcIDCEJ3iGF+PReDXejPfZaMGYMz2EJRkf3+kSmnA=</latexit>

With these constituents, we again obtain a ZÕ and a GÕ
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Further TeV Scale Vectors in Strongly Interacting Models

2. Strongly Interacting Models
Now the (colour-triplet) U1 is a bound state of two fermions

These fermions must be charged under SU(3)c
<latexit sha1_base64="BgGMJ8MaEwYhkBzoD+wl37w0vlo=">AAAB/3icdVDLSsNAFJ34rPVVdelmsAh1E1It1O4KblxWNLbQhjKZTtohk0mYuRFqKIh/4FZ/wJW49VPc+yFOH0IreuDC4Zx7ufcePxFcg+N8WkvLK6tr67mN/ObW9s5uYW//VseposylsYhVyyeaCS6ZCxwEayWKkcgXrOmHF2O/eceU5rG8gWHCvIj0JQ84JWCk5rVbOjvp0m6hWLadCbBj1wyqlRmplfGPVUQzNLqFr04vpmnEJFBBtG6XnQS8jCjgVLBRvpNqlhAakj5rGypJxLSXTc4d4WOj9HAQK1MS8ESdn8hIpPUw8k1nRGCgf3tj8S+vnUJw7mVcJikwSaeLglRgiPH4d9zjilEQQ0MIVdzciumAKELBJLSwBXh4P8rPx/I/cU/tmu1cVYr1+sM0nxw6REeohMqoiuroEjWQiygK0RN6Ri/Wo/VqvVnv09Yla5bpAVqA9fEN446XAg==</latexit><latexit sha1_base64="BgGMJ8MaEwYhkBzoD+wl37w0vlo=">AAAB/3icdVDLSsNAFJ34rPVVdelmsAh1E1It1O4KblxWNLbQhjKZTtohk0mYuRFqKIh/4FZ/wJW49VPc+yFOH0IreuDC4Zx7ufcePxFcg+N8WkvLK6tr67mN/ObW9s5uYW//VseposylsYhVyyeaCS6ZCxwEayWKkcgXrOmHF2O/eceU5rG8gWHCvIj0JQ84JWCk5rVbOjvp0m6hWLadCbBj1wyqlRmplfGPVUQzNLqFr04vpmnEJFBBtG6XnQS8jCjgVLBRvpNqlhAakj5rGypJxLSXTc4d4WOj9HAQK1MS8ESdn8hIpPUw8k1nRGCgf3tj8S+vnUJw7mVcJikwSaeLglRgiPH4d9zjilEQQ0MIVdzciumAKELBJLSwBXh4P8rPx/I/cU/tmu1cVYr1+sM0nxw6REeohMqoiuroEjWQiygK0RN6Ri/Wo/VqvVnv09Yla5bpAVqA9fEN446XAg==</latexit><latexit sha1_base64="BgGMJ8MaEwYhkBzoD+wl37w0vlo=">AAAB/3icdVDLSsNAFJ34rPVVdelmsAh1E1It1O4KblxWNLbQhjKZTtohk0mYuRFqKIh/4FZ/wJW49VPc+yFOH0IreuDC4Zx7ufcePxFcg+N8WkvLK6tr67mN/ObW9s5uYW//VseposylsYhVyyeaCS6ZCxwEayWKkcgXrOmHF2O/eceU5rG8gWHCvIj0JQ84JWCk5rVbOjvp0m6hWLadCbBj1wyqlRmplfGPVUQzNLqFr04vpmnEJFBBtG6XnQS8jCjgVLBRvpNqlhAakj5rGypJxLSXTc4d4WOj9HAQK1MS8ESdn8hIpPUw8k1nRGCgf3tj8S+vnUJw7mVcJikwSaeLglRgiPH4d9zjilEQQ0MIVdzciumAKELBJLSwBXh4P8rPx/I/cU/tmu1cVYr1+sM0nxw6REeohMqoiuroEjWQiygK0RN6Ri/Wo/VqvVnv09Yla5bpAVqA9fEN446XAg==</latexit>

The simplest option is a colour singlet      and a triplet! `
<latexit sha1_base64="ULkm4uDCnty9Ba6EdQYHUvYUuxs=">AAACAXicdVDLSsNAFJ3UV62vqks3g0VwFRIp1O4KblxWMLbShDKZTtqhM0mYuRFqKLjwD9zqD7gSt36Jez/E6UNoRQ9cOJxzL/feE6aCa3CcT6uwsrq2vlHcLG1t7+zulfcPbnSSKco8mohEtUOimeAx84CDYO1UMSJDwVrh8GLit+6Y0jyJr2GUskCSfswjTgkY6danA971mRDdcsW1nSmwY9cNatU5qbv4x6qgOZrd8pffS2gmWQxUEK07rpNCkBMFnAo2LvmZZimhQ9JnHUNjIpkO8unBY3xilB6OEmUqBjxVFydyIrUeydB0SgID/dubiH95nQyi8yDncZoBi+lsUZQJDAmefI97XDEKYmQIoYqbWzEdEEUomIyWtgAf3o9Li7H8T7wzu247V9VKo/Ewy6eIjtAxOkUuqqEGukRN5CGKJHpCz+jFerRerTfrfdZasOaZHqIlWB/fvrSYsA==</latexit><latexit sha1_base64="ULkm4uDCnty9Ba6EdQYHUvYUuxs=">AAACAXicdVDLSsNAFJ3UV62vqks3g0VwFRIp1O4KblxWMLbShDKZTtqhM0mYuRFqKLjwD9zqD7gSt36Jez/E6UNoRQ9cOJxzL/feE6aCa3CcT6uwsrq2vlHcLG1t7+zulfcPbnSSKco8mohEtUOimeAx84CDYO1UMSJDwVrh8GLit+6Y0jyJr2GUskCSfswjTgkY6danA971mRDdcsW1nSmwY9cNatU5qbv4x6qgOZrd8pffS2gmWQxUEK07rpNCkBMFnAo2LvmZZimhQ9JnHUNjIpkO8unBY3xilB6OEmUqBjxVFydyIrUeydB0SgID/dubiH95nQyi8yDncZoBi+lsUZQJDAmefI97XDEKYmQIoYqbWzEdEEUomIyWtgAf3o9Li7H8T7wzu247V9VKo/Ewy6eIjtAxOkUuqqEGukRN5CGKJHpCz+jFerRerTfrfdZasOaZHqIlWB/fvrSYsA==</latexit><latexit sha1_base64="ULkm4uDCnty9Ba6EdQYHUvYUuxs=">AAACAXicdVDLSsNAFJ3UV62vqks3g0VwFRIp1O4KblxWMLbShDKZTtqhM0mYuRFqKLjwD9zqD7gSt36Jez/E6UNoRQ9cOJxzL/feE6aCa3CcT6uwsrq2vlHcLG1t7+zulfcPbnSSKco8mohEtUOimeAx84CDYO1UMSJDwVrh8GLit+6Y0jyJr2GUskCSfswjTgkY6danA971mRDdcsW1nSmwY9cNatU5qbv4x6qgOZrd8pffS2gmWQxUEK07rpNCkBMFnAo2LvmZZimhQ9JnHUNjIpkO8unBY3xilB6OEmUqBjxVFydyIrUeydB0SgID/dubiH95nQyi8yDncZoBi+lsUZQJDAmefI97XDEKYmQIoYqbWzEdEEUomIyWtgAf3o9Li7H8T7wzu247V9VKo/Ewy6eIjtAxOkUuqqEGukRN5CGKJHpCz+jFerRerTfrfdZasOaZHqIlWB/fvrSYsA==</latexit>

�↵
q

<latexit sha1_base64="kS80fVDAdQjQNM7reJEdjHtIf84=">AAACBXicdZDLSsNAFIZP6q3WW9Wlm8EiuAqJFGp3BTcuKxhbaGKZTCfN0MmlMxOhhoJL38CtvoArcetzuPdBnF6EVvSHgZ//P8M5fH7KmVSW9WkUVlbX1jeKm6Wt7Z3dvfL+wY1MMkGoQxKeiLaPJeUspo5iitN2KiiOfE5b/uBi0rfuqJAsia/VKKVehPsxCxjBSkeeS0LWHd66mKch7pYrtmlNhSyzrlWrzk3dRj9VBeZqdstfbi8hWURjRTiWsmNbqfJyLBQjnI5LbiZpiskA92lH2xhHVHr59OgxOtFJDwWJ0C9WaJou/shxJOUo8vVkhFUof3eT8K+uk6ng3MtZnGaKxmS2KMg4UgmaEEA9JihRfKQNJoLpWxEJscBEaU5LWxQb3I9Li1j+N86ZWTetq2ql0XiY8SnCERzDKdhQgwZcQhMcIDCEJ3iGF+PReDXejPfZaMGYMz2EJRkf3+kSmnA=</latexit><latexit sha1_base64="kS80fVDAdQjQNM7reJEdjHtIf84=">AAACBXicdZDLSsNAFIZP6q3WW9Wlm8EiuAqJFGp3BTcuKxhbaGKZTCfN0MmlMxOhhoJL38CtvoArcetzuPdBnF6EVvSHgZ//P8M5fH7KmVSW9WkUVlbX1jeKm6Wt7Z3dvfL+wY1MMkGoQxKeiLaPJeUspo5iitN2KiiOfE5b/uBi0rfuqJAsia/VKKVehPsxCxjBSkeeS0LWHd66mKch7pYrtmlNhSyzrlWrzk3dRj9VBeZqdstfbi8hWURjRTiWsmNbqfJyLBQjnI5LbiZpiskA92lH2xhHVHr59OgxOtFJDwWJ0C9WaJou/shxJOUo8vVkhFUof3eT8K+uk6ng3MtZnGaKxmS2KMg4UgmaEEA9JihRfKQNJoLpWxEJscBEaU5LWxQb3I9Li1j+N86ZWTetq2ql0XiY8SnCERzDKdhQgwZcQhMcIDCEJ3iGF+PReDXejPfZaMGYMz2EJRkf3+kSmnA=</latexit><latexit sha1_base64="kS80fVDAdQjQNM7reJEdjHtIf84=">AAACBXicdZDLSsNAFIZP6q3WW9Wlm8EiuAqJFGp3BTcuKxhbaGKZTCfN0MmlMxOhhoJL38CtvoArcetzuPdBnF6EVvSHgZ//P8M5fH7KmVSW9WkUVlbX1jeKm6Wt7Z3dvfL+wY1MMkGoQxKeiLaPJeUspo5iitN2KiiOfE5b/uBi0rfuqJAsia/VKKVehPsxCxjBSkeeS0LWHd66mKch7pYrtmlNhSyzrlWrzk3dRj9VBeZqdstfbi8hWURjRTiWsmNbqfJyLBQjnI5LbiZpiskA92lH2xhHVHr59OgxOtFJDwWJ0C9WaJou/shxJOUo8vVkhFUof3eT8K+uk6ng3MtZnGaKxmS2KMg4UgmaEEA9JihRfKQNJoLpWxEJscBEaU5LWxQb3I9Li1j+N86ZWTetq2ql0XiY8SnCERzDKdhQgwZcQhMcIDCEJ3iGF+PReDXejPfZaMGYMz2EJRkf3+kSmnA=</latexit>

With these constituents, we again obtain a ZÕ and a GÕ
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2. Strongly Interacting Models
Now the (colour-triplet) U1 is a bound state of two fermions

These fermions must be charged under SU(3)c
<latexit sha1_base64="BgGMJ8MaEwYhkBzoD+wl37w0vlo=">AAAB/3icdVDLSsNAFJ34rPVVdelmsAh1E1It1O4KblxWNLbQhjKZTtohk0mYuRFqKIh/4FZ/wJW49VPc+yFOH0IreuDC4Zx7ufcePxFcg+N8WkvLK6tr67mN/ObW9s5uYW//VseposylsYhVyyeaCS6ZCxwEayWKkcgXrOmHF2O/eceU5rG8gWHCvIj0JQ84JWCk5rVbOjvp0m6hWLadCbBj1wyqlRmplfGPVUQzNLqFr04vpmnEJFBBtG6XnQS8jCjgVLBRvpNqlhAakj5rGypJxLSXTc4d4WOj9HAQK1MS8ESdn8hIpPUw8k1nRGCgf3tj8S+vnUJw7mVcJikwSaeLglRgiPH4d9zjilEQQ0MIVdzciumAKELBJLSwBXh4P8rPx/I/cU/tmu1cVYr1+sM0nxw6REeohMqoiuroEjWQiygK0RN6Ri/Wo/VqvVnv09Yla5bpAVqA9fEN446XAg==</latexit><latexit sha1_base64="BgGMJ8MaEwYhkBzoD+wl37w0vlo=">AAAB/3icdVDLSsNAFJ34rPVVdelmsAh1E1It1O4KblxWNLbQhjKZTtohk0mYuRFqKIh/4FZ/wJW49VPc+yFOH0IreuDC4Zx7ufcePxFcg+N8WkvLK6tr67mN/ObW9s5uYW//VseposylsYhVyyeaCS6ZCxwEayWKkcgXrOmHF2O/eceU5rG8gWHCvIj0JQ84JWCk5rVbOjvp0m6hWLadCbBj1wyqlRmplfGPVUQzNLqFr04vpmnEJFBBtG6XnQS8jCjgVLBRvpNqlhAakj5rGypJxLSXTc4d4WOj9HAQK1MS8ESdn8hIpPUw8k1nRGCgf3tj8S+vnUJw7mVcJikwSaeLglRgiPH4d9zjilEQQ0MIVdzciumAKELBJLSwBXh4P8rPx/I/cU/tmu1cVYr1+sM0nxw6REeohMqoiuroEjWQiygK0RN6Ri/Wo/VqvVnv09Yla5bpAVqA9fEN446XAg==</latexit><latexit sha1_base64="BgGMJ8MaEwYhkBzoD+wl37w0vlo=">AAAB/3icdVDLSsNAFJ34rPVVdelmsAh1E1It1O4KblxWNLbQhjKZTtohk0mYuRFqKIh/4FZ/wJW49VPc+yFOH0IreuDC4Zx7ufcePxFcg+N8WkvLK6tr67mN/ObW9s5uYW//VseposylsYhVyyeaCS6ZCxwEayWKkcgXrOmHF2O/eceU5rG8gWHCvIj0JQ84JWCk5rVbOjvp0m6hWLadCbBj1wyqlRmplfGPVUQzNLqFr04vpmnEJFBBtG6XnQS8jCjgVLBRvpNqlhAakj5rGypJxLSXTc4d4WOj9HAQK1MS8ESdn8hIpPUw8k1nRGCgf3tj8S+vnUJw7mVcJikwSaeLglRgiPH4d9zjilEQQ0MIVdzciumAKELBJLSwBXh4P8rPx/I/cU/tmu1cVYr1+sM0nxw6REeohMqoiuroEjWQiygK0RN6Ri/Wo/VqvVnv09Yla5bpAVqA9fEN446XAg==</latexit>

The simplest option is a colour singlet      and a triplet! `
<latexit sha1_base64="ULkm4uDCnty9Ba6EdQYHUvYUuxs=">AAACAXicdVDLSsNAFJ3UV62vqks3g0VwFRIp1O4KblxWMLbShDKZTtqhM0mYuRFqKLjwD9zqD7gSt36Jez/E6UNoRQ9cOJxzL/feE6aCa3CcT6uwsrq2vlHcLG1t7+zulfcPbnSSKco8mohEtUOimeAx84CDYO1UMSJDwVrh8GLit+6Y0jyJr2GUskCSfswjTgkY6danA971mRDdcsW1nSmwY9cNatU5qbv4x6qgOZrd8pffS2gmWQxUEK07rpNCkBMFnAo2LvmZZimhQ9JnHUNjIpkO8unBY3xilB6OEmUqBjxVFydyIrUeydB0SgID/dubiH95nQyi8yDncZoBi+lsUZQJDAmefI97XDEKYmQIoYqbWzEdEEUomIyWtgAf3o9Li7H8T7wzu247V9VKo/Ewy6eIjtAxOkUuqqEGukRN5CGKJHpCz+jFerRerTfrfdZasOaZHqIlWB/fvrSYsA==</latexit><latexit sha1_base64="ULkm4uDCnty9Ba6EdQYHUvYUuxs=">AAACAXicdVDLSsNAFJ3UV62vqks3g0VwFRIp1O4KblxWMLbShDKZTtqhM0mYuRFqKLjwD9zqD7gSt36Jez/E6UNoRQ9cOJxzL/feE6aCa3CcT6uwsrq2vlHcLG1t7+zulfcPbnSSKco8mohEtUOimeAx84CDYO1UMSJDwVrh8GLit+6Y0jyJr2GUskCSfswjTgkY6danA971mRDdcsW1nSmwY9cNatU5qbv4x6qgOZrd8pffS2gmWQxUEK07rpNCkBMFnAo2LvmZZimhQ9JnHUNjIpkO8unBY3xilB6OEmUqBjxVFydyIrUeydB0SgID/dubiH95nQyi8yDncZoBi+lsUZQJDAmefI97XDEKYmQIoYqbWzEdEEUomIyWtgAf3o9Li7H8T7wzu247V9VKo/Ewy6eIjtAxOkUuqqEGukRN5CGKJHpCz+jFerRerTfrfdZasOaZHqIlWB/fvrSYsA==</latexit><latexit sha1_base64="ULkm4uDCnty9Ba6EdQYHUvYUuxs=">AAACAXicdVDLSsNAFJ3UV62vqks3g0VwFRIp1O4KblxWMLbShDKZTtqhM0mYuRFqKLjwD9zqD7gSt36Jez/E6UNoRQ9cOJxzL/feE6aCa3CcT6uwsrq2vlHcLG1t7+zulfcPbnSSKco8mohEtUOimeAx84CDYO1UMSJDwVrh8GLit+6Y0jyJr2GUskCSfswjTgkY6danA971mRDdcsW1nSmwY9cNatU5qbv4x6qgOZrd8pffS2gmWQxUEK07rpNCkBMFnAo2LvmZZimhQ9JnHUNjIpkO8unBY3xilB6OEmUqBjxVFydyIrUeydB0SgID/dubiH95nQyi8yDncZoBi+lsUZQJDAmefI97XDEKYmQIoYqbWzEdEEUomIyWtgAf3o9Li7H8T7wzu247V9VKo/Ewy6eIjtAxOkUuqqEGukRN5CGKJHpCz+jFerRerTfrfdZasOaZHqIlWB/fvrSYsA==</latexit>

�↵
q

<latexit sha1_base64="kS80fVDAdQjQNM7reJEdjHtIf84=">AAACBXicdZDLSsNAFIZP6q3WW9Wlm8EiuAqJFGp3BTcuKxhbaGKZTCfN0MmlMxOhhoJL38CtvoArcetzuPdBnF6EVvSHgZ//P8M5fH7KmVSW9WkUVlbX1jeKm6Wt7Z3dvfL+wY1MMkGoQxKeiLaPJeUspo5iitN2KiiOfE5b/uBi0rfuqJAsia/VKKVehPsxCxjBSkeeS0LWHd66mKch7pYrtmlNhSyzrlWrzk3dRj9VBeZqdstfbi8hWURjRTiWsmNbqfJyLBQjnI5LbiZpiskA92lH2xhHVHr59OgxOtFJDwWJ0C9WaJou/shxJOUo8vVkhFUof3eT8K+uk6ng3MtZnGaKxmS2KMg4UgmaEEA9JihRfKQNJoLpWxEJscBEaU5LWxQb3I9Li1j+N86ZWTetq2ql0XiY8SnCERzDKdhQgwZcQhMcIDCEJ3iGF+PReDXejPfZaMGYMz2EJRkf3+kSmnA=</latexit><latexit sha1_base64="kS80fVDAdQjQNM7reJEdjHtIf84=">AAACBXicdZDLSsNAFIZP6q3WW9Wlm8EiuAqJFGp3BTcuKxhbaGKZTCfN0MmlMxOhhoJL38CtvoArcetzuPdBnF6EVvSHgZ//P8M5fH7KmVSW9WkUVlbX1jeKm6Wt7Z3dvfL+wY1MMkGoQxKeiLaPJeUspo5iitN2KiiOfE5b/uBi0rfuqJAsia/VKKVehPsxCxjBSkeeS0LWHd66mKch7pYrtmlNhSyzrlWrzk3dRj9VBeZqdstfbi8hWURjRTiWsmNbqfJyLBQjnI5LbiZpiskA92lH2xhHVHr59OgxOtFJDwWJ0C9WaJou/shxJOUo8vVkhFUof3eT8K+uk6ng3MtZnGaKxmS2KMg4UgmaEEA9JihRfKQNJoLpWxEJscBEaU5LWxQb3I9Li1j+N86ZWTetq2ql0XiY8SnCERzDKdhQgwZcQhMcIDCEJ3iGF+PReDXejPfZaMGYMz2EJRkf3+kSmnA=</latexit><latexit sha1_base64="kS80fVDAdQjQNM7reJEdjHtIf84=">AAACBXicdZDLSsNAFIZP6q3WW9Wlm8EiuAqJFGp3BTcuKxhbaGKZTCfN0MmlMxOhhoJL38CtvoArcetzuPdBnF6EVvSHgZ//P8M5fH7KmVSW9WkUVlbX1jeKm6Wt7Z3dvfL+wY1MMkGoQxKeiLaPJeUspo5iitN2KiiOfE5b/uBi0rfuqJAsia/VKKVehPsxCxjBSkeeS0LWHd66mKch7pYrtmlNhSyzrlWrzk3dRj9VBeZqdstfbi8hWURjRTiWsmNbqfJyLBQjnI5LbiZpiskA92lH2xhHVHr59OgxOtFJDwWJ0C9WaJou/shxJOUo8vVkhFUof3eT8K+uk6ng3MtZnGaKxmS2KMg4UgmaEEA9JihRfKQNJoLpWxEJscBEaU5LWxQb3I9Li1j+N86ZWTetq2ql0XiY8SnCERzDKdhQgwZcQhMcIDCEJ3iGF+PReDXejPfZaMGYMz2EJRkf3+kSmnA=</latexit>

With these constituents, we again obtain a ZÕ and a GÕ

Higher fermion reps. typically give more states
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Further TeV Scale Vectors in Strongly Interacting Models

2. Strongly Interacting Models
Now the (colour-triplet) U1 is a bound state of two fermions

These fermions must be charged under SU(3)c
<latexit sha1_base64="BgGMJ8MaEwYhkBzoD+wl37w0vlo=">AAAB/3icdVDLSsNAFJ34rPVVdelmsAh1E1It1O4KblxWNLbQhjKZTtohk0mYuRFqKIh/4FZ/wJW49VPc+yFOH0IreuDC4Zx7ufcePxFcg+N8WkvLK6tr67mN/ObW9s5uYW//VseposylsYhVyyeaCS6ZCxwEayWKkcgXrOmHF2O/eceU5rG8gWHCvIj0JQ84JWCk5rVbOjvp0m6hWLadCbBj1wyqlRmplfGPVUQzNLqFr04vpmnEJFBBtG6XnQS8jCjgVLBRvpNqlhAakj5rGypJxLSXTc4d4WOj9HAQK1MS8ESdn8hIpPUw8k1nRGCgf3tj8S+vnUJw7mVcJikwSaeLglRgiPH4d9zjilEQQ0MIVdzciumAKELBJLSwBXh4P8rPx/I/cU/tmu1cVYr1+sM0nxw6REeohMqoiuroEjWQiygK0RN6Ri/Wo/VqvVnv09Yla5bpAVqA9fEN446XAg==</latexit><latexit sha1_base64="BgGMJ8MaEwYhkBzoD+wl37w0vlo=">AAAB/3icdVDLSsNAFJ34rPVVdelmsAh1E1It1O4KblxWNLbQhjKZTtohk0mYuRFqKIh/4FZ/wJW49VPc+yFOH0IreuDC4Zx7ufcePxFcg+N8WkvLK6tr67mN/ObW9s5uYW//VseposylsYhVyyeaCS6ZCxwEayWKkcgXrOmHF2O/eceU5rG8gWHCvIj0JQ84JWCk5rVbOjvp0m6hWLadCbBj1wyqlRmplfGPVUQzNLqFr04vpmnEJFBBtG6XnQS8jCjgVLBRvpNqlhAakj5rGypJxLSXTc4d4WOj9HAQK1MS8ESdn8hIpPUw8k1nRGCgf3tj8S+vnUJw7mVcJikwSaeLglRgiPH4d9zjilEQQ0MIVdzciumAKELBJLSwBXh4P8rPx/I/cU/tmu1cVYr1+sM0nxw6REeohMqoiuroEjWQiygK0RN6Ri/Wo/VqvVnv09Yla5bpAVqA9fEN446XAg==</latexit><latexit sha1_base64="BgGMJ8MaEwYhkBzoD+wl37w0vlo=">AAAB/3icdVDLSsNAFJ34rPVVdelmsAh1E1It1O4KblxWNLbQhjKZTtohk0mYuRFqKIh/4FZ/wJW49VPc+yFOH0IreuDC4Zx7ufcePxFcg+N8WkvLK6tr67mN/ObW9s5uYW//VseposylsYhVyyeaCS6ZCxwEayWKkcgXrOmHF2O/eceU5rG8gWHCvIj0JQ84JWCk5rVbOjvp0m6hWLadCbBj1wyqlRmplfGPVUQzNLqFr04vpmnEJFBBtG6XnQS8jCjgVLBRvpNqlhAakj5rGypJxLSXTc4d4WOj9HAQK1MS8ESdn8hIpPUw8k1nRGCgf3tj8S+vnUJw7mVcJikwSaeLglRgiPH4d9zjilEQQ0MIVdzciumAKELBJLSwBXh4P8rPx/I/cU/tmu1cVYr1+sM0nxw6REeohMqoiuroEjWQiygK0RN6Ri/Wo/VqvVnv09Yla5bpAVqA9fEN446XAg==</latexit>

The simplest option is a colour singlet      and a triplet! `
<latexit sha1_base64="ULkm4uDCnty9Ba6EdQYHUvYUuxs=">AAACAXicdVDLSsNAFJ3UV62vqks3g0VwFRIp1O4KblxWMLbShDKZTtqhM0mYuRFqKLjwD9zqD7gSt36Jez/E6UNoRQ9cOJxzL/feE6aCa3CcT6uwsrq2vlHcLG1t7+zulfcPbnSSKco8mohEtUOimeAx84CDYO1UMSJDwVrh8GLit+6Y0jyJr2GUskCSfswjTgkY6danA971mRDdcsW1nSmwY9cNatU5qbv4x6qgOZrd8pffS2gmWQxUEK07rpNCkBMFnAo2LvmZZimhQ9JnHUNjIpkO8unBY3xilB6OEmUqBjxVFydyIrUeydB0SgID/dubiH95nQyi8yDncZoBi+lsUZQJDAmefI97XDEKYmQIoYqbWzEdEEUomIyWtgAf3o9Li7H8T7wzu247V9VKo/Ewy6eIjtAxOkUuqqEGukRN5CGKJHpCz+jFerRerTfrfdZasOaZHqIlWB/fvrSYsA==</latexit><latexit sha1_base64="ULkm4uDCnty9Ba6EdQYHUvYUuxs=">AAACAXicdVDLSsNAFJ3UV62vqks3g0VwFRIp1O4KblxWMLbShDKZTtqhM0mYuRFqKLjwD9zqD7gSt36Jez/E6UNoRQ9cOJxzL/feE6aCa3CcT6uwsrq2vlHcLG1t7+zulfcPbnSSKco8mohEtUOimeAx84CDYO1UMSJDwVrh8GLit+6Y0jyJr2GUskCSfswjTgkY6danA971mRDdcsW1nSmwY9cNatU5qbv4x6qgOZrd8pffS2gmWQxUEK07rpNCkBMFnAo2LvmZZimhQ9JnHUNjIpkO8unBY3xilB6OEmUqBjxVFydyIrUeydB0SgID/dubiH95nQyi8yDncZoBi+lsUZQJDAmefI97XDEKYmQIoYqbWzEdEEUomIyWtgAf3o9Li7H8T7wzu247V9VKo/Ewy6eIjtAxOkUuqqEGukRN5CGKJHpCz+jFerRerTfrfdZasOaZHqIlWB/fvrSYsA==</latexit><latexit sha1_base64="ULkm4uDCnty9Ba6EdQYHUvYUuxs=">AAACAXicdVDLSsNAFJ3UV62vqks3g0VwFRIp1O4KblxWMLbShDKZTtqhM0mYuRFqKLjwD9zqD7gSt36Jez/E6UNoRQ9cOJxzL/feE6aCa3CcT6uwsrq2vlHcLG1t7+zulfcPbnSSKco8mohEtUOimeAx84CDYO1UMSJDwVrh8GLit+6Y0jyJr2GUskCSfswjTgkY6danA971mRDdcsW1nSmwY9cNatU5qbv4x6qgOZrd8pffS2gmWQxUEK07rpNCkBMFnAo2LvmZZimhQ9JnHUNjIpkO8unBY3xilB6OEmUqBjxVFydyIrUeydB0SgID/dubiH95nQyi8yDncZoBi+lsUZQJDAmefI97XDEKYmQIoYqbWzEdEEUomIyWtgAf3o9Li7H8T7wzu247V9VKo/Ewy6eIjtAxOkUuqqEGukRN5CGKJHpCz+jFerRerTfrfdZasOaZHqIlWB/fvrSYsA==</latexit>

�↵
q

<latexit sha1_base64="kS80fVDAdQjQNM7reJEdjHtIf84=">AAACBXicdZDLSsNAFIZP6q3WW9Wlm8EiuAqJFGp3BTcuKxhbaGKZTCfN0MmlMxOhhoJL38CtvoArcetzuPdBnF6EVvSHgZ//P8M5fH7KmVSW9WkUVlbX1jeKm6Wt7Z3dvfL+wY1MMkGoQxKeiLaPJeUspo5iitN2KiiOfE5b/uBi0rfuqJAsia/VKKVehPsxCxjBSkeeS0LWHd66mKch7pYrtmlNhSyzrlWrzk3dRj9VBeZqdstfbi8hWURjRTiWsmNbqfJyLBQjnI5LbiZpiskA92lH2xhHVHr59OgxOtFJDwWJ0C9WaJou/shxJOUo8vVkhFUof3eT8K+uk6ng3MtZnGaKxmS2KMg4UgmaEEA9JihRfKQNJoLpWxEJscBEaU5LWxQb3I9Li1j+N86ZWTetq2ql0XiY8SnCERzDKdhQgwZcQhMcIDCEJ3iGF+PReDXejPfZaMGYMz2EJRkf3+kSmnA=</latexit><latexit sha1_base64="kS80fVDAdQjQNM7reJEdjHtIf84=">AAACBXicdZDLSsNAFIZP6q3WW9Wlm8EiuAqJFGp3BTcuKxhbaGKZTCfN0MmlMxOhhoJL38CtvoArcetzuPdBnF6EVvSHgZ//P8M5fH7KmVSW9WkUVlbX1jeKm6Wt7Z3dvfL+wY1MMkGoQxKeiLaPJeUspo5iitN2KiiOfE5b/uBi0rfuqJAsia/VKKVehPsxCxjBSkeeS0LWHd66mKch7pYrtmlNhSyzrlWrzk3dRj9VBeZqdstfbi8hWURjRTiWsmNbqfJyLBQjnI5LbiZpiskA92lH2xhHVHr59OgxOtFJDwWJ0C9WaJou/shxJOUo8vVkhFUof3eT8K+uk6ng3MtZnGaKxmS2KMg4UgmaEEA9JihRfKQNJoLpWxEJscBEaU5LWxQb3I9Li1j+N86ZWTetq2ql0XiY8SnCERzDKdhQgwZcQhMcIDCEJ3iGF+PReDXejPfZaMGYMz2EJRkf3+kSmnA=</latexit><latexit sha1_base64="kS80fVDAdQjQNM7reJEdjHtIf84=">AAACBXicdZDLSsNAFIZP6q3WW9Wlm8EiuAqJFGp3BTcuKxhbaGKZTCfN0MmlMxOhhoJL38CtvoArcetzuPdBnF6EVvSHgZ//P8M5fH7KmVSW9WkUVlbX1jeKm6Wt7Z3dvfL+wY1MMkGoQxKeiLaPJeUspo5iitN2KiiOfE5b/uBi0rfuqJAsia/VKKVehPsxCxjBSkeeS0LWHd66mKch7pYrtmlNhSyzrlWrzk3dRj9VBeZqdstfbi8hWURjRTiWsmNbqfJyLBQjnI5LbiZpiskA92lH2xhHVHr59OgxOtFJDwWJ0C9WaJou/shxJOUo8vVkhFUof3eT8K+uk6ng3MtZnGaKxmS2KMg4UgmaEEA9JihRfKQNJoLpWxEJscBEaU5LWxQb3I9Li1j+N86ZWTetq2ql0XiY8SnCERzDKdhQgwZcQhMcIDCEJ3iGF+PReDXejPfZaMGYMz2EJRkf3+kSmnA=</latexit>

With these constituents, we again obtain a ZÕ and a GÕ

Higher fermion reps. typically give more states

All masses are expected to be at the conÞnement scale
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Further TeV Scale Vectors

In conclusion, 

any model with a massive U1 leptoquark,  

has at least a ZÕ and a coloron (GÕ)  

at a similar or lower mass 
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High-pT Searches
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Phenomenological Lagrangian - U1
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Phenomenological Lagrangian - U1
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Phenomenological Lagrangian - U1

|! 13
L | ! |! 23

L |
<latexit sha1_base64="TQwMW74klQj9z4a5lbUmRqxRcBI=">AAACGnicdZDLSgMxGIUz9VbrrerSTbAIrspMLdRupODGhYsK1hbaOmTSTBuauZD8I9TpbH0L38CtvoArcevGvQ9i2o7Qih4IHL7zhz85Tii4AtP8NDJLyyura9n13Mbm1vZOfnfvRgWRpKxBAxHIlkMUE9xnDeAgWCuUjHiOYE1neD7Jm3dMKh741zAKWdcjfZ+7nBLQyM7jccdhQOzL29g6ScYdIeZISRM7X7CK5lTYLFa1KuXUVC38ExVQqrqd/+r0Ahp5zAcqiFJtywyhGxMJnAqW5DqRYiGhQ9JnbW194jHVjac/SfCRJj3sBlIfH/CUzt+IiafUyHP0pEdgoH5nE/hX1o7APe3G3A8jYD6dLXIjgSHAk1pwj0tGQYy0IVRy/VZMB0QSCrq8hS3Ah/dJbr6W/02jVKwWzatyoXaW9pNFB+gQHSMLVVANXaA6aiCKHtATekYvxqPxarwZ77PRjJHe2UcLMj6+AXyyobw=</latexit><latexit sha1_base64="TQwMW74klQj9z4a5lbUmRqxRcBI=">AAACGnicdZDLSgMxGIUz9VbrrerSTbAIrspMLdRupODGhYsK1hbaOmTSTBuauZD8I9TpbH0L38CtvoArcevGvQ9i2o7Qih4IHL7zhz85Tii4AtP8NDJLyyura9n13Mbm1vZOfnfvRgWRpKxBAxHIlkMUE9xnDeAgWCuUjHiOYE1neD7Jm3dMKh741zAKWdcjfZ+7nBLQyM7jccdhQOzL29g6ScYdIeZISRM7X7CK5lTYLFa1KuXUVC38ExVQqrqd/+r0Ahp5zAcqiFJtywyhGxMJnAqW5DqRYiGhQ9JnbW194jHVjac/SfCRJj3sBlIfH/CUzt+IiafUyHP0pEdgoH5nE/hX1o7APe3G3A8jYD6dLXIjgSHAk1pwj0tGQYy0IVRy/VZMB0QSCrq8hS3Ah/dJbr6W/02jVKwWzatyoXaW9pNFB+gQHSMLVVANXaA6aiCKHtATekYvxqPxarwZ77PRjJHe2UcLMj6+AXyyobw=</latexit><latexit sha1_base64="TQwMW74klQj9z4a5lbUmRqxRcBI=">AAACGnicdZDLSgMxGIUz9VbrrerSTbAIrspMLdRupODGhYsK1hbaOmTSTBuauZD8I9TpbH0L38CtvoArcevGvQ9i2o7Qih4IHL7zhz85Tii4AtP8NDJLyyura9n13Mbm1vZOfnfvRgWRpKxBAxHIlkMUE9xnDeAgWCuUjHiOYE1neD7Jm3dMKh741zAKWdcjfZ+7nBLQyM7jccdhQOzL29g6ScYdIeZISRM7X7CK5lTYLFa1KuXUVC38ExVQqrqd/+r0Ahp5zAcqiFJtywyhGxMJnAqW5DqRYiGhQ9JnbW194jHVjac/SfCRJj3sBlIfH/CUzt+IiafUyHP0pEdgoH5nE/hX1o7APe3G3A8jYD6dLXIjgSHAk1pwj0tGQYy0IVRy/VZMB0QSCrq8hS3Ah/dJbr6W/02jVKwWzatyoXaW9pNFB+gQHSMLVVANXaA6aiCKHtATekYvxqPxarwZ77PRjJHe2UcLMj6+AXyyobw=</latexit>

Motivated by pheno and symmetries, we take
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Phenomenological Lagrangian - U1

|! 13
L | ! |! 23

L |
<latexit sha1_base64="TQwMW74klQj9z4a5lbUmRqxRcBI=">AAACGnicdZDLSgMxGIUz9VbrrerSTbAIrspMLdRupODGhYsK1hbaOmTSTBuauZD8I9TpbH0L38CtvoArcevGvQ9i2o7Qih4IHL7zhz85Tii4AtP8NDJLyyura9n13Mbm1vZOfnfvRgWRpKxBAxHIlkMUE9xnDeAgWCuUjHiOYE1neD7Jm3dMKh741zAKWdcjfZ+7nBLQyM7jccdhQOzL29g6ScYdIeZISRM7X7CK5lTYLFa1KuXUVC38ExVQqrqd/+r0Ahp5zAcqiFJtywyhGxMJnAqW5DqRYiGhQ9JnbW194jHVjac/SfCRJj3sBlIfH/CUzt+IiafUyHP0pEdgoH5nE/hX1o7APe3G3A8jYD6dLXIjgSHAk1pwj0tGQYy0IVRy/VZMB0QSCrq8hS3Ah/dJbr6W/02jVKwWzatyoXaW9pNFB+gQHSMLVVANXaA6aiCKHtATekYvxqPxarwZ77PRjJHe2UcLMj6+AXyyobw=</latexit><latexit sha1_base64="TQwMW74klQj9z4a5lbUmRqxRcBI=">AAACGnicdZDLSgMxGIUz9VbrrerSTbAIrspMLdRupODGhYsK1hbaOmTSTBuauZD8I9TpbH0L38CtvoArcevGvQ9i2o7Qih4IHL7zhz85Tii4AtP8NDJLyyura9n13Mbm1vZOfnfvRgWRpKxBAxHIlkMUE9xnDeAgWCuUjHiOYE1neD7Jm3dMKh741zAKWdcjfZ+7nBLQyM7jccdhQOzL29g6ScYdIeZISRM7X7CK5lTYLFa1KuXUVC38ExVQqrqd/+r0Ahp5zAcqiFJtywyhGxMJnAqW5DqRYiGhQ9JnbW194jHVjac/SfCRJj3sBlIfH/CUzt+IiafUyHP0pEdgoH5nE/hX1o7APe3G3A8jYD6dLXIjgSHAk1pwj0tGQYy0IVRy/VZMB0QSCrq8hS3Ah/dJbr6W/02jVKwWzatyoXaW9pNFB+gQHSMLVVANXaA6aiCKHtATekYvxqPxarwZ77PRjJHe2UcLMj6+AXyyobw=</latexit><latexit sha1_base64="TQwMW74klQj9z4a5lbUmRqxRcBI=">AAACGnicdZDLSgMxGIUz9VbrrerSTbAIrspMLdRupODGhYsK1hbaOmTSTBuauZD8I9TpbH0L38CtvoArcevGvQ9i2o7Qih4IHL7zhz85Tii4AtP8NDJLyyura9n13Mbm1vZOfnfvRgWRpKxBAxHIlkMUE9xnDeAgWCuUjHiOYE1neD7Jm3dMKh741zAKWdcjfZ+7nBLQyM7jccdhQOzL29g6ScYdIeZISRM7X7CK5lTYLFa1KuXUVC38ExVQqrqd/+r0Ahp5zAcqiFJtywyhGxMJnAqW5DqRYiGhQ9JnbW194jHVjac/SfCRJj3sBlIfH/CUzt+IiafUyHP0pEdgoH5nE/hX1o7APe3G3A8jYD6dLXIjgSHAk1pwj0tGQYy0IVRy/VZMB0QSCrq8hS3Ah/dJbr6W/02jVKwWzatyoXaW9pNFB+gQHSMLVVANXaA6aiCKHtATekYvxqPxarwZ77PRjJHe2UcLMj6+AXyyobw=</latexit>

Motivated by pheno and symmetries, we take

leads to pp ! ! "
<latexit sha1_base64="tcfqdpa3o0tPyD/nlTOdtYmIRAQ=">AAACBXicdVBNS8NAEN3Ur1q/qh69LBbBU0ikUHuRghePFYwtNKFstpt26WYTdydCLb37D7zqH/AkXv0d3v0hbtsIreiDgcd7M8zMC1PBNTjOp1VYWV1b3yhulra2d3b3yvsHtzrJFGUeTUSi2iHRTHDJPOAgWDtVjMShYK1weDn1W/dMaZ7IGxilLIhJX/KIUwJGCtLUhwT7QDJfZt1yxbWdGbBj1w1q1ZzUXfxjVVCOZrf85fcSmsVMAhVE647rpBCMiQJOBZuU/EyzlNAh6bOOoZLETAfj2dETfGKUHo4SZUoCnqmLE2MSaz2KQ9MZExjo395U/MvrZBCdB2Mu0wyYpPNFUSaweXSaAO5xxSiIkSGEKm5uxXRAFKFgclraAnz4MCktxvI/8c7suu1cVyuNizyfIjpCx+gUuaiGGugKNZGHKLpDT+gZvViP1qv1Zr3PWwtWPnOIlmB9fAPI5Jny</latexit><latexit sha1_base64="tcfqdpa3o0tPyD/nlTOdtYmIRAQ=">AAACBXicdVBNS8NAEN3Ur1q/qh69LBbBU0ikUHuRghePFYwtNKFstpt26WYTdydCLb37D7zqH/AkXv0d3v0hbtsIreiDgcd7M8zMC1PBNTjOp1VYWV1b3yhulra2d3b3yvsHtzrJFGUeTUSi2iHRTHDJPOAgWDtVjMShYK1weDn1W/dMaZ7IGxilLIhJX/KIUwJGCtLUhwT7QDJfZt1yxbWdGbBj1w1q1ZzUXfxjVVCOZrf85fcSmsVMAhVE647rpBCMiQJOBZuU/EyzlNAh6bOOoZLETAfj2dETfGKUHo4SZUoCnqmLE2MSaz2KQ9MZExjo395U/MvrZBCdB2Mu0wyYpPNFUSaweXSaAO5xxSiIkSGEKm5uxXRAFKFgclraAnz4MCktxvI/8c7suu1cVyuNizyfIjpCx+gUuaiGGugKNZGHKLpDT+gZvViP1qv1Zr3PWwtWPnOIlmB9fAPI5Jny</latexit><latexit sha1_base64="tcfqdpa3o0tPyD/nlTOdtYmIRAQ=">AAACBXicdVBNS8NAEN3Ur1q/qh69LBbBU0ikUHuRghePFYwtNKFstpt26WYTdydCLb37D7zqH/AkXv0d3v0hbtsIreiDgcd7M8zMC1PBNTjOp1VYWV1b3yhulra2d3b3yvsHtzrJFGUeTUSi2iHRTHDJPOAgWDtVjMShYK1weDn1W/dMaZ7IGxilLIhJX/KIUwJGCtLUhwT7QDJfZt1yxbWdGbBj1w1q1ZzUXfxjVVCOZrf85fcSmsVMAhVE647rpBCMiQJOBZuU/EyzlNAh6bOOoZLETAfj2dETfGKUHo4SZUoCnqmLE2MSaz2KQ9MZExjo395U/MvrZBCdB2Mu0wyYpPNFUSaweXSaAO5xxSiIkSGEKm5uxXRAFKFgclraAnz4MCktxvI/8c7suu1cVyuNizyfIjpCx+gUuaiGGugKNZGHKLpDT+gZvViP1qv1Zr3PWwtWPnOIlmB9fAPI5Jny</latexit>
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<latexit sha1_base64="TQwMW74klQj9z4a5lbUmRqxRcBI=">AAACGnicdZDLSgMxGIUz9VbrrerSTbAIrspMLdRupODGhYsK1hbaOmTSTBuauZD8I9TpbH0L38CtvoArcevGvQ9i2o7Qih4IHL7zhz85Tii4AtP8NDJLyyura9n13Mbm1vZOfnfvRgWRpKxBAxHIlkMUE9xnDeAgWCuUjHiOYE1neD7Jm3dMKh741zAKWdcjfZ+7nBLQyM7jccdhQOzL29g6ScYdIeZISRM7X7CK5lTYLFa1KuXUVC38ExVQqrqd/+r0Ahp5zAcqiFJtywyhGxMJnAqW5DqRYiGhQ9JnbW194jHVjac/SfCRJj3sBlIfH/CUzt+IiafUyHP0pEdgoH5nE/hX1o7APe3G3A8jYD6dLXIjgSHAk1pwj0tGQYy0IVRy/VZMB0QSCrq8hS3Ah/dJbr6W/02jVKwWzatyoXaW9pNFB+gQHSMLVVANXaA6aiCKHtATekYvxqPxarwZ77PRjJHe2UcLMj6+AXyyobw=</latexit><latexit sha1_base64="TQwMW74klQj9z4a5lbUmRqxRcBI=">AAACGnicdZDLSgMxGIUz9VbrrerSTbAIrspMLdRupODGhYsK1hbaOmTSTBuauZD8I9TpbH0L38CtvoArcevGvQ9i2o7Qih4IHL7zhz85Tii4AtP8NDJLyyura9n13Mbm1vZOfnfvRgWRpKxBAxHIlkMUE9xnDeAgWCuUjHiOYE1neD7Jm3dMKh741zAKWdcjfZ+7nBLQyM7jccdhQOzL29g6ScYdIeZISRM7X7CK5lTYLFa1KuXUVC38ExVQqrqd/+r0Ahp5zAcqiFJtywyhGxMJnAqW5DqRYiGhQ9JnbW194jHVjac/SfCRJj3sBlIfH/CUzt+IiafUyHP0pEdgoH5nE/hX1o7APe3G3A8jYD6dLXIjgSHAk1pwj0tGQYy0IVRy/VZMB0QSCrq8hS3Ah/dJbr6W/02jVKwWzatyoXaW9pNFB+gQHSMLVVANXaA6aiCKHtATekYvxqPxarwZ77PRjJHe2UcLMj6+AXyyobw=</latexit><latexit sha1_base64="TQwMW74klQj9z4a5lbUmRqxRcBI=">AAACGnicdZDLSgMxGIUz9VbrrerSTbAIrspMLdRupODGhYsK1hbaOmTSTBuauZD8I9TpbH0L38CtvoArcevGvQ9i2o7Qih4IHL7zhz85Tii4AtP8NDJLyyura9n13Mbm1vZOfnfvRgWRpKxBAxHIlkMUE9xnDeAgWCuUjHiOYE1neD7Jm3dMKh741zAKWdcjfZ+7nBLQyM7jccdhQOzL29g6ScYdIeZISRM7X7CK5lTYLFa1KuXUVC38ExVQqrqd/+r0Ahp5zAcqiFJtywyhGxMJnAqW5DqRYiGhQ9JnbW194jHVjac/SfCRJj3sBlIfH/CUzt+IiafUyHP0pEdgoH5nE/hX1o7APe3G3A8jYD6dLXIjgSHAk1pwj0tGQYy0IVRy/VZMB0QSCrq8hS3Ah/dJbr6W/02jVKwWzatyoXaW9pNFB+gQHSMLVVANXaA6aiCKHtATekYvxqPxarwZ77PRjJHe2UcLMj6+AXyyobw=</latexit>

Motivated by pheno and symmetries, we take

leads to pp ! ! "
<latexit sha1_base64="tcfqdpa3o0tPyD/nlTOdtYmIRAQ=">AAACBXicdVBNS8NAEN3Ur1q/qh69LBbBU0ikUHuRghePFYwtNKFstpt26WYTdydCLb37D7zqH/AkXv0d3v0hbtsIreiDgcd7M8zMC1PBNTjOp1VYWV1b3yhulra2d3b3yvsHtzrJFGUeTUSi2iHRTHDJPOAgWDtVjMShYK1weDn1W/dMaZ7IGxilLIhJX/KIUwJGCtLUhwT7QDJfZt1yxbWdGbBj1w1q1ZzUXfxjVVCOZrf85fcSmsVMAhVE647rpBCMiQJOBZuU/EyzlNAh6bOOoZLETAfj2dETfGKUHo4SZUoCnqmLE2MSaz2KQ9MZExjo395U/MvrZBCdB2Mu0wyYpPNFUSaweXSaAO5xxSiIkSGEKm5uxXRAFKFgclraAnz4MCktxvI/8c7suu1cVyuNizyfIjpCx+gUuaiGGugKNZGHKLpDT+gZvViP1qv1Zr3PWwtWPnOIlmB9fAPI5Jny</latexit><latexit sha1_base64="tcfqdpa3o0tPyD/nlTOdtYmIRAQ=">AAACBXicdVBNS8NAEN3Ur1q/qh69LBbBU0ikUHuRghePFYwtNKFstpt26WYTdydCLb37D7zqH/AkXv0d3v0hbtsIreiDgcd7M8zMC1PBNTjOp1VYWV1b3yhulra2d3b3yvsHtzrJFGUeTUSi2iHRTHDJPOAgWDtVjMShYK1weDn1W/dMaZ7IGxilLIhJX/KIUwJGCtLUhwT7QDJfZt1yxbWdGbBj1w1q1ZzUXfxjVVCOZrf85fcSmsVMAhVE647rpBCMiQJOBZuU/EyzlNAh6bOOoZLETAfj2dETfGKUHo4SZUoCnqmLE2MSaz2KQ9MZExjo395U/MvrZBCdB2Mu0wyYpPNFUSaweXSaAO5xxSiIkSGEKm5uxXRAFKFgclraAnz4MCktxvI/8c7suu1cVyuNizyfIjpCx+gUuaiGGugKNZGHKLpDT+gZvViP1qv1Zr3PWwtWPnOIlmB9fAPI5Jny</latexit><latexit sha1_base64="tcfqdpa3o0tPyD/nlTOdtYmIRAQ=">AAACBXicdVBNS8NAEN3Ur1q/qh69LBbBU0ikUHuRghePFYwtNKFstpt26WYTdydCLb37D7zqH/AkXv0d3v0hbtsIreiDgcd7M8zMC1PBNTjOp1VYWV1b3yhulra2d3b3yvsHtzrJFGUeTUSi2iHRTHDJPOAgWDtVjMShYK1weDn1W/dMaZ7IGxilLIhJX/KIUwJGCtLUhwT7QDJfZt1yxbWdGbBj1w1q1ZzUXfxjVVCOZrf85fcSmsVMAhVE647rpBCMiQJOBZuU/EyzlNAh6bOOoZLETAfj2dETfGKUHo4SZUoCnqmLE2MSaz2KQ9MZExjo395U/MvrZBCdB2Mu0wyYpPNFUSaweXSaAO5xxSiIkSGEKm5uxXRAFKFgclraAnz4MCktxvI/8c7suu1cVyuNizyfIjpCx+gUuaiGGugKNZGHKLpDT+gZvViP1qv1Zr3PWwtWPnOIlmB9fAPI5Jny</latexit>

leads to pp ! ! µ
<latexit sha1_base64="fsKSjZoZURQ2fw9q9AhzATbvoHs=">AAACBXicdVDLSgNBEJyNrxhfUY9eBoPgadmVQMxFAl48RnBNILuE2clsMmT24UyPEEPu/oFX/QFP4tXv8O6HOElWSEQLGoqqbrq7wkxwBY7zaRVWVtfWN4qbpa3tnd298v7BrUq1pMyjqUhlOySKCZ4wDzgI1s4kI3EoWCscXk791j2TiqfJDYwyFsSkn/CIUwJGCrLMhxT7QLQf62654trODNix6wa1ak7qLv6xKihHs1v+8nsp1TFLgAqiVMd1MgjGRAKngk1KvlYsI3RI+qxjaEJipoLx7OgJPjFKD0epNJUAnqmLE2MSKzWKQ9MZExio395U/MvraIjOgzFPMg0sofNFkRbYPDpNAPe4ZBTEyBBCJTe3YjogklAwOS1tAT58mJQWY/mfeGd23Xauq5XGRZ5PER2hY3SKXFRDDXSFmshDFN2hJ/SMXqxH69V6s97nrQUrnzlES7A+vgHHTpnx</latexit><latexit sha1_base64="fsKSjZoZURQ2fw9q9AhzATbvoHs=">AAACBXicdVDLSgNBEJyNrxhfUY9eBoPgadmVQMxFAl48RnBNILuE2clsMmT24UyPEEPu/oFX/QFP4tXv8O6HOElWSEQLGoqqbrq7wkxwBY7zaRVWVtfWN4qbpa3tnd298v7BrUq1pMyjqUhlOySKCZ4wDzgI1s4kI3EoWCscXk791j2TiqfJDYwyFsSkn/CIUwJGCrLMhxT7QLQf62654trODNix6wa1ak7qLv6xKihHs1v+8nsp1TFLgAqiVMd1MgjGRAKngk1KvlYsI3RI+qxjaEJipoLx7OgJPjFKD0epNJUAnqmLE2MSKzWKQ9MZExio395U/MvraIjOgzFPMg0sofNFkRbYPDpNAPe4ZBTEyBBCJTe3YjogklAwOS1tAT58mJQWY/mfeGd23Xauq5XGRZ5PER2hY3SKXFRDDXSFmshDFN2hJ/SMXqxH69V6s97nrQUrnzlES7A+vgHHTpnx</latexit><latexit sha1_base64="fsKSjZoZURQ2fw9q9AhzATbvoHs=">AAACBXicdVDLSgNBEJyNrxhfUY9eBoPgadmVQMxFAl48RnBNILuE2clsMmT24UyPEEPu/oFX/QFP4tXv8O6HOElWSEQLGoqqbrq7wkxwBY7zaRVWVtfWN4qbpa3tnd298v7BrUq1pMyjqUhlOySKCZ4wDzgI1s4kI3EoWCscXk791j2TiqfJDYwyFsSkn/CIUwJGCrLMhxT7QLQf62654trODNix6wa1ak7qLv6xKihHs1v+8nsp1TFLgAqiVMd1MgjGRAKngk1KvlYsI3RI+qxjaEJipoLx7OgJPjFKD0epNJUAnqmLE2MSKzWKQ9MZExio395U/MvraIjOgzFPMg0sofNFkRbYPDpNAPe4ZBTEyBBCJTe3YjogklAwOS1tAT58mJQWY/mfeGd23Xauq5XGRZ5PER2hY3SKXFRDDXSFmshDFN2hJ/SMXqxH69V6s97nrQUrnzlES7A+vgHHTpnx</latexit>
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<latexit sha1_base64="TQwMW74klQj9z4a5lbUmRqxRcBI=">AAACGnicdZDLSgMxGIUz9VbrrerSTbAIrspMLdRupODGhYsK1hbaOmTSTBuauZD8I9TpbH0L38CtvoArcevGvQ9i2o7Qih4IHL7zhz85Tii4AtP8NDJLyyura9n13Mbm1vZOfnfvRgWRpKxBAxHIlkMUE9xnDeAgWCuUjHiOYE1neD7Jm3dMKh741zAKWdcjfZ+7nBLQyM7jccdhQOzL29g6ScYdIeZISRM7X7CK5lTYLFa1KuXUVC38ExVQqrqd/+r0Ahp5zAcqiFJtywyhGxMJnAqW5DqRYiGhQ9JnbW194jHVjac/SfCRJj3sBlIfH/CUzt+IiafUyHP0pEdgoH5nE/hX1o7APe3G3A8jYD6dLXIjgSHAk1pwj0tGQYy0IVRy/VZMB0QSCrq8hS3Ah/dJbr6W/02jVKwWzatyoXaW9pNFB+gQHSMLVVANXaA6aiCKHtATekYvxqPxarwZ77PRjJHe2UcLMj6+AXyyobw=</latexit><latexit sha1_base64="TQwMW74klQj9z4a5lbUmRqxRcBI=">AAACGnicdZDLSgMxGIUz9VbrrerSTbAIrspMLdRupODGhYsK1hbaOmTSTBuauZD8I9TpbH0L38CtvoArcevGvQ9i2o7Qih4IHL7zhz85Tii4AtP8NDJLyyura9n13Mbm1vZOfnfvRgWRpKxBAxHIlkMUE9xnDeAgWCuUjHiOYE1neD7Jm3dMKh741zAKWdcjfZ+7nBLQyM7jccdhQOzL29g6ScYdIeZISRM7X7CK5lTYLFa1KuXUVC38ExVQqrqd/+r0Ahp5zAcqiFJtywyhGxMJnAqW5DqRYiGhQ9JnbW194jHVjac/SfCRJj3sBlIfH/CUzt+IiafUyHP0pEdgoH5nE/hX1o7APe3G3A8jYD6dLXIjgSHAk1pwj0tGQYy0IVRy/VZMB0QSCrq8hS3Ah/dJbr6W/02jVKwWzatyoXaW9pNFB+gQHSMLVVANXaA6aiCKHtATekYvxqPxarwZ77PRjJHe2UcLMj6+AXyyobw=</latexit><latexit sha1_base64="TQwMW74klQj9z4a5lbUmRqxRcBI=">AAACGnicdZDLSgMxGIUz9VbrrerSTbAIrspMLdRupODGhYsK1hbaOmTSTBuauZD8I9TpbH0L38CtvoArcevGvQ9i2o7Qih4IHL7zhz85Tii4AtP8NDJLyyura9n13Mbm1vZOfnfvRgWRpKxBAxHIlkMUE9xnDeAgWCuUjHiOYE1neD7Jm3dMKh741zAKWdcjfZ+7nBLQyM7jccdhQOzL29g6ScYdIeZISRM7X7CK5lTYLFa1KuXUVC38ExVQqrqd/+r0Ahp5zAcqiFJtywyhGxMJnAqW5DqRYiGhQ9JnbW194jHVjac/SfCRJj3sBlIfH/CUzt+IiafUyHP0pEdgoH5nE/hX1o7APe3G3A8jYD6dLXIjgSHAk1pwj0tGQYy0IVRy/VZMB0QSCrq8hS3Ah/dJbr6W/02jVKwWzatyoXaW9pNFB+gQHSMLVVANXaA6aiCKHtATekYvxqPxarwZ77PRjJHe2UcLMj6+AXyyobw=</latexit>

Motivated by pheno and symmetries, we take

leads to pp ! ! "
<latexit sha1_base64="tcfqdpa3o0tPyD/nlTOdtYmIRAQ=">AAACBXicdVBNS8NAEN3Ur1q/qh69LBbBU0ikUHuRghePFYwtNKFstpt26WYTdydCLb37D7zqH/AkXv0d3v0hbtsIreiDgcd7M8zMC1PBNTjOp1VYWV1b3yhulra2d3b3yvsHtzrJFGUeTUSi2iHRTHDJPOAgWDtVjMShYK1weDn1W/dMaZ7IGxilLIhJX/KIUwJGCtLUhwT7QDJfZt1yxbWdGbBj1w1q1ZzUXfxjVVCOZrf85fcSmsVMAhVE647rpBCMiQJOBZuU/EyzlNAh6bOOoZLETAfj2dETfGKUHo4SZUoCnqmLE2MSaz2KQ9MZExjo395U/MvrZBCdB2Mu0wyYpPNFUSaweXSaAO5xxSiIkSGEKm5uxXRAFKFgclraAnz4MCktxvI/8c7suu1cVyuNizyfIjpCx+gUuaiGGugKNZGHKLpDT+gZvViP1qv1Zr3PWwtWPnOIlmB9fAPI5Jny</latexit><latexit sha1_base64="tcfqdpa3o0tPyD/nlTOdtYmIRAQ=">AAACBXicdVBNS8NAEN3Ur1q/qh69LBbBU0ikUHuRghePFYwtNKFstpt26WYTdydCLb37D7zqH/AkXv0d3v0hbtsIreiDgcd7M8zMC1PBNTjOp1VYWV1b3yhulra2d3b3yvsHtzrJFGUeTUSi2iHRTHDJPOAgWDtVjMShYK1weDn1W/dMaZ7IGxilLIhJX/KIUwJGCtLUhwT7QDJfZt1yxbWdGbBj1w1q1ZzUXfxjVVCOZrf85fcSmsVMAhVE647rpBCMiQJOBZuU/EyzlNAh6bOOoZLETAfj2dETfGKUHo4SZUoCnqmLE2MSaz2KQ9MZExjo395U/MvrZBCdB2Mu0wyYpPNFUSaweXSaAO5xxSiIkSGEKm5uxXRAFKFgclraAnz4MCktxvI/8c7suu1cVyuNizyfIjpCx+gUuaiGGugKNZGHKLpDT+gZvViP1qv1Zr3PWwtWPnOIlmB9fAPI5Jny</latexit><latexit sha1_base64="tcfqdpa3o0tPyD/nlTOdtYmIRAQ=">AAACBXicdVBNS8NAEN3Ur1q/qh69LBbBU0ikUHuRghePFYwtNKFstpt26WYTdydCLb37D7zqH/AkXv0d3v0hbtsIreiDgcd7M8zMC1PBNTjOp1VYWV1b3yhulra2d3b3yvsHtzrJFGUeTUSi2iHRTHDJPOAgWDtVjMShYK1weDn1W/dMaZ7IGxilLIhJX/KIUwJGCtLUhwT7QDJfZt1yxbWdGbBj1w1q1ZzUXfxjVVCOZrf85fcSmsVMAhVE647rpBCMiQJOBZuU/EyzlNAh6bOOoZLETAfj2dETfGKUHo4SZUoCnqmLE2MSaz2KQ9MZExjo395U/MvrZBCdB2Mu0wyYpPNFUSaweXSaAO5xxSiIkSGEKm5uxXRAFKFgclraAnz4MCktxvI/8c7suu1cVyuNizyfIjpCx+gUuaiGGugKNZGHKLpDT+gZvViP1qv1Zr3PWwtWPnOIlmB9fAPI5Jny</latexit>

UV completionsleads to pp ! ! µ
<latexit sha1_base64="fsKSjZoZURQ2fw9q9AhzATbvoHs=">AAACBXicdVDLSgNBEJyNrxhfUY9eBoPgadmVQMxFAl48RnBNILuE2clsMmT24UyPEEPu/oFX/QFP4tXv8O6HOElWSEQLGoqqbrq7wkxwBY7zaRVWVtfWN4qbpa3tnd298v7BrUq1pMyjqUhlOySKCZ4wDzgI1s4kI3EoWCscXk791j2TiqfJDYwyFsSkn/CIUwJGCrLMhxT7QLQf62654trODNix6wa1ak7qLv6xKihHs1v+8nsp1TFLgAqiVMd1MgjGRAKngk1KvlYsI3RI+qxjaEJipoLx7OgJPjFKD0epNJUAnqmLE2MSKzWKQ9MZExio395U/MvraIjOgzFPMg0sofNFkRbYPDpNAPe4ZBTEyBBCJTe3YjogklAwOS1tAT58mJQWY/mfeGd23Xauq5XGRZ5PER2hY3SKXFRDDXSFmshDFN2hJ/SMXqxH69V6s97nrQUrnzlES7A+vgHHTpnx</latexit><latexit sha1_base64="fsKSjZoZURQ2fw9q9AhzATbvoHs=">AAACBXicdVDLSgNBEJyNrxhfUY9eBoPgadmVQMxFAl48RnBNILuE2clsMmT24UyPEEPu/oFX/QFP4tXv8O6HOElWSEQLGoqqbrq7wkxwBY7zaRVWVtfWN4qbpa3tnd298v7BrUq1pMyjqUhlOySKCZ4wDzgI1s4kI3EoWCscXk791j2TiqfJDYwyFsSkn/CIUwJGCrLMhxT7QLQf62654trODNix6wa1ak7qLv6xKihHs1v+8nsp1TFLgAqiVMd1MgjGRAKngk1KvlYsI3RI+qxjaEJipoLx7OgJPjFKD0epNJUAnqmLE2MSKzWKQ9MZExio395U/MvraIjOgzFPMg0sofNFkRbYPDpNAPe4ZBTEyBBCJTe3YjogklAwOS1tAT58mJQWY/mfeGd23Xauq5XGRZ5PER2hY3SKXFRDDXSFmshDFN2hJ/SMXqxH69V6s97nrQUrnzlES7A+vgHHTpnx</latexit><latexit sha1_base64="fsKSjZoZURQ2fw9q9AhzATbvoHs=">AAACBXicdVDLSgNBEJyNrxhfUY9eBoPgadmVQMxFAl48RnBNILuE2clsMmT24UyPEEPu/oFX/QFP4tXv8O6HOElWSEQLGoqqbrq7wkxwBY7zaRVWVtfWN4qbpa3tnd298v7BrUq1pMyjqUhlOySKCZ4wDzgI1s4kI3EoWCscXk791j2TiqfJDYwyFsSkn/CIUwJGCrLMhxT7QLQf62654trODNix6wa1ak7qLv6xKihHs1v+8nsp1TFLgAqiVMd1MgjGRAKngk1KvlYsI3RI+qxjaEJipoLx7OgJPjFKD0epNJUAnqmLE2MSKzWKQ9MZExio395U/MvraIjOgzFPMg0sofNFkRbYPDpNAPe4ZBTEyBBCJTe3YjogklAwOS1tAT58mJQWY/mfeGd23Xauq5XGRZ5PER2hY3SKXFRDDXSFmshDFN2hJ/SMXqxH69V6s97nrQUrnzlES7A+vgHHTpnx</latexit>
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Phenomenological Lagrangian - U1

|! 13
L | ! |! 23

L |
<latexit sha1_base64="TQwMW74klQj9z4a5lbUmRqxRcBI=">AAACGnicdZDLSgMxGIUz9VbrrerSTbAIrspMLdRupODGhYsK1hbaOmTSTBuauZD8I9TpbH0L38CtvoArcevGvQ9i2o7Qih4IHL7zhz85Tii4AtP8NDJLyyura9n13Mbm1vZOfnfvRgWRpKxBAxHIlkMUE9xnDeAgWCuUjHiOYE1neD7Jm3dMKh741zAKWdcjfZ+7nBLQyM7jccdhQOzL29g6ScYdIeZISRM7X7CK5lTYLFa1KuXUVC38ExVQqrqd/+r0Ahp5zAcqiFJtywyhGxMJnAqW5DqRYiGhQ9JnbW194jHVjac/SfCRJj3sBlIfH/CUzt+IiafUyHP0pEdgoH5nE/hX1o7APe3G3A8jYD6dLXIjgSHAk1pwj0tGQYy0IVRy/VZMB0QSCrq8hS3Ah/dJbr6W/02jVKwWzatyoXaW9pNFB+gQHSMLVVANXaA6aiCKHtATekYvxqPxarwZ77PRjJHe2UcLMj6+AXyyobw=</latexit><latexit sha1_base64="TQwMW74klQj9z4a5lbUmRqxRcBI=">AAACGnicdZDLSgMxGIUz9VbrrerSTbAIrspMLdRupODGhYsK1hbaOmTSTBuauZD8I9TpbH0L38CtvoArcevGvQ9i2o7Qih4IHL7zhz85Tii4AtP8NDJLyyura9n13Mbm1vZOfnfvRgWRpKxBAxHIlkMUE9xnDeAgWCuUjHiOYE1neD7Jm3dMKh741zAKWdcjfZ+7nBLQyM7jccdhQOzL29g6ScYdIeZISRM7X7CK5lTYLFa1KuXUVC38ExVQqrqd/+r0Ahp5zAcqiFJtywyhGxMJnAqW5DqRYiGhQ9JnbW194jHVjac/SfCRJj3sBlIfH/CUzt+IiafUyHP0pEdgoH5nE/hX1o7APe3G3A8jYD6dLXIjgSHAk1pwj0tGQYy0IVRy/VZMB0QSCrq8hS3Ah/dJbr6W/02jVKwWzatyoXaW9pNFB+gQHSMLVVANXaA6aiCKHtATekYvxqPxarwZ77PRjJHe2UcLMj6+AXyyobw=</latexit><latexit sha1_base64="TQwMW74klQj9z4a5lbUmRqxRcBI=">AAACGnicdZDLSgMxGIUz9VbrrerSTbAIrspMLdRupODGhYsK1hbaOmTSTBuauZD8I9TpbH0L38CtvoArcevGvQ9i2o7Qih4IHL7zhz85Tii4AtP8NDJLyyura9n13Mbm1vZOfnfvRgWRpKxBAxHIlkMUE9xnDeAgWCuUjHiOYE1neD7Jm3dMKh741zAKWdcjfZ+7nBLQyM7jccdhQOzL29g6ScYdIeZISRM7X7CK5lTYLFa1KuXUVC38ExVQqrqd/+r0Ahp5zAcqiFJtywyhGxMJnAqW5DqRYiGhQ9JnbW194jHVjac/SfCRJj3sBlIfH/CUzt+IiafUyHP0pEdgoH5nE/hX1o7APe3G3A8jYD6dLXIjgSHAk1pwj0tGQYy0IVRy/VZMB0QSCrq8hS3Ah/dJbr6W/02jVKwWzatyoXaW9pNFB+gQHSMLVVANXaA6aiCKHtATekYvxqPxarwZ77PRjJHe2UcLMj6+AXyyobw=</latexit>

Motivated by pheno and symmetries, we take

leads to pp ! ! "
<latexit sha1_base64="tcfqdpa3o0tPyD/nlTOdtYmIRAQ=">AAACBXicdVBNS8NAEN3Ur1q/qh69LBbBU0ikUHuRghePFYwtNKFstpt26WYTdydCLb37D7zqH/AkXv0d3v0hbtsIreiDgcd7M8zMC1PBNTjOp1VYWV1b3yhulra2d3b3yvsHtzrJFGUeTUSi2iHRTHDJPOAgWDtVjMShYK1weDn1W/dMaZ7IGxilLIhJX/KIUwJGCtLUhwT7QDJfZt1yxbWdGbBj1w1q1ZzUXfxjVVCOZrf85fcSmsVMAhVE647rpBCMiQJOBZuU/EyzlNAh6bOOoZLETAfj2dETfGKUHo4SZUoCnqmLE2MSaz2KQ9MZExjo395U/MvrZBCdB2Mu0wyYpPNFUSaweXSaAO5xxSiIkSGEKm5uxXRAFKFgclraAnz4MCktxvI/8c7suu1cVyuNizyfIjpCx+gUuaiGGugKNZGHKLpDT+gZvViP1qv1Zr3PWwtWPnOIlmB9fAPI5Jny</latexit><latexit sha1_base64="tcfqdpa3o0tPyD/nlTOdtYmIRAQ=">AAACBXicdVBNS8NAEN3Ur1q/qh69LBbBU0ikUHuRghePFYwtNKFstpt26WYTdydCLb37D7zqH/AkXv0d3v0hbtsIreiDgcd7M8zMC1PBNTjOp1VYWV1b3yhulra2d3b3yvsHtzrJFGUeTUSi2iHRTHDJPOAgWDtVjMShYK1weDn1W/dMaZ7IGxilLIhJX/KIUwJGCtLUhwT7QDJfZt1yxbWdGbBj1w1q1ZzUXfxjVVCOZrf85fcSmsVMAhVE647rpBCMiQJOBZuU/EyzlNAh6bOOoZLETAfj2dETfGKUHo4SZUoCnqmLE2MSaz2KQ9MZExjo395U/MvrZBCdB2Mu0wyYpPNFUSaweXSaAO5xxSiIkSGEKm5uxXRAFKFgclraAnz4MCktxvI/8c7suu1cVyuNizyfIjpCx+gUuaiGGugKNZGHKLpDT+gZvViP1qv1Zr3PWwtWPnOIlmB9fAPI5Jny</latexit><latexit sha1_base64="tcfqdpa3o0tPyD/nlTOdtYmIRAQ=">AAACBXicdVBNS8NAEN3Ur1q/qh69LBbBU0ikUHuRghePFYwtNKFstpt26WYTdydCLb37D7zqH/AkXv0d3v0hbtsIreiDgcd7M8zMC1PBNTjOp1VYWV1b3yhulra2d3b3yvsHtzrJFGUeTUSi2iHRTHDJPOAgWDtVjMShYK1weDn1W/dMaZ7IGxilLIhJX/KIUwJGCtLUhwT7QDJfZt1yxbWdGbBj1w1q1ZzUXfxjVVCOZrf85fcSmsVMAhVE647rpBCMiQJOBZuU/EyzlNAh6bOOoZLETAfj2dETfGKUHo4SZUoCnqmLE2MSaz2KQ9MZExjo395U/MvrZBCdB2Mu0wyYpPNFUSaweXSaAO5xxSiIkSGEKm5uxXRAFKFgclraAnz4MCktxvI/8c7suu1cVyuNizyfIjpCx+gUuaiGGugKNZGHKLpDT+gZvViP1qv1Zr3PWwtWPnOIlmB9fAPI5Jny</latexit>

UV completionsleads to pp ! ! µ
<latexit sha1_base64="fsKSjZoZURQ2fw9q9AhzATbvoHs=">AAACBXicdVDLSgNBEJyNrxhfUY9eBoPgadmVQMxFAl48RnBNILuE2clsMmT24UyPEEPu/oFX/QFP4tXv8O6HOElWSEQLGoqqbrq7wkxwBY7zaRVWVtfWN4qbpa3tnd298v7BrUq1pMyjqUhlOySKCZ4wDzgI1s4kI3EoWCscXk791j2TiqfJDYwyFsSkn/CIUwJGCrLMhxT7QLQf62654trODNix6wa1ak7qLv6xKihHs1v+8nsp1TFLgAqiVMd1MgjGRAKngk1KvlYsI3RI+qxjaEJipoLx7OgJPjFKD0epNJUAnqmLE2MSKzWKQ9MZExio395U/MvraIjOgzFPMg0sofNFkRbYPDpNAPe4ZBTEyBBCJTe3YjogklAwOS1tAT58mJQWY/mfeGd23Xauq5XGRZ5PER2hY3SKXFRDDXSFmshDFN2hJ/SMXqxH69V6s97nrQUrnzlES7A+vgHHTpnx</latexit><latexit sha1_base64="fsKSjZoZURQ2fw9q9AhzATbvoHs=">AAACBXicdVDLSgNBEJyNrxhfUY9eBoPgadmVQMxFAl48RnBNILuE2clsMmT24UyPEEPu/oFX/QFP4tXv8O6HOElWSEQLGoqqbrq7wkxwBY7zaRVWVtfWN4qbpa3tnd298v7BrUq1pMyjqUhlOySKCZ4wDzgI1s4kI3EoWCscXk791j2TiqfJDYwyFsSkn/CIUwJGCrLMhxT7QLQf62654trODNix6wa1ak7qLv6xKihHs1v+8nsp1TFLgAqiVMd1MgjGRAKngk1KvlYsI3RI+qxjaEJipoLx7OgJPjFKD0epNJUAnqmLE2MSKzWKQ9MZExio395U/MvraIjOgzFPMg0sofNFkRbYPDpNAPe4ZBTEyBBCJTe3YjogklAwOS1tAT58mJQWY/mfeGd23Xauq5XGRZ5PER2hY3SKXFRDDXSFmshDFN2hJ/SMXqxH69V6s97nrQUrnzlES7A+vgHHTpnx</latexit><latexit sha1_base64="fsKSjZoZURQ2fw9q9AhzATbvoHs=">AAACBXicdVDLSgNBEJyNrxhfUY9eBoPgadmVQMxFAl48RnBNILuE2clsMmT24UyPEEPu/oFX/QFP4tXv8O6HOElWSEQLGoqqbrq7wkxwBY7zaRVWVtfWN4qbpa3tnd298v7BrUq1pMyjqUhlOySKCZ4wDzgI1s4kI3EoWCscXk791j2TiqfJDYwyFsSkn/CIUwJGCrLMhxT7QLQf62654trODNix6wa1ak7qLv6xKihHs1v+8nsp1TFLgAqiVMd1MgjGRAKngk1KvlYsI3RI+qxjaEJipoLx7OgJPjFKD0epNJUAnqmLE2MSKzWKQ9MZExio395U/MvraIjOgzFPMg0sofNFkRbYPDpNAPe4ZBTEyBBCJTe3YjogklAwOS1tAT58mJQWY/mfeGd23Xauq5XGRZ5PER2hY3SKXFRDDXSFmshDFN2hJ/SMXqxH69V6s97nrQUrnzlES7A+vgHHTpnx</latexit>
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Phenomenological Lagrangian - ZÕ and GÕ

We take similar hierarchical couplings for ZÕ and GÕ

with no coupling to electrons
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Existing Constraints

1811.00806

1805.10228

1808.03124

1709.07242

1807.11421

1807.06573

1801.02052
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Limits - Pair Production
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Limits - Pair Production

Dedicated CMS analyses

g

g

U1, G!

U1, G!

<latexit sha1_base64="75tK6E4MHTpF1zke6RWKcnkQllU="></latexit><latexit sha1_base64="75tK6E4MHTpF1zke6RWKcnkQllU="></latexit><latexit sha1_base64="75tK6E4MHTpF1zke6RWKcnkQllU="></latexit>
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Limits - Pair Production

Dedicated CMS analyses

U1b!
<latexit sha1_base64="ZJ4oLgfxJiHj79JsXgzTcDxiwMY=">AAACAXicdVDLSgNBEJyNrxhfUY9eBoPgadmVQMwt4MVjBNdEkhBmJ7PJkJnZZaZXiEvAg3/gVX/Ak3j1S7z7IU4eQiJa0FBUddPdFSaCG/C8Tye3srq2vpHfLGxt7+zuFfcPbkycasoCGotYN0NimOCKBcBBsGaiGZGhYI1weDHxG3dMGx6raxglrCNJX/GIUwJWug26Pg7bQNJuseS73hTYc6sWlfKcVH38Y5XQHPVu8avdi2kqmQIqiDEt30ugkxENnAo2LrRTwxJCh6TPWpYqIpnpZNODx/jEKj0cxdqWAjxVFycyIo0ZydB2SgID89ubiH95rRSi807GVZICU3S2KEoFhhhPvsc9rhkFMbKEUM3trZgOiCYUbEZLW4AP78eFxVj+J8GZW3W9q3KpVnuY5ZNHR+gYnSIfVVANXaI6ChBFEj2hZ/TiPDqvzpvzPmvNOfNMD9ESnI9v+SKYNQ==</latexit><latexit sha1_base64="ZJ4oLgfxJiHj79JsXgzTcDxiwMY=">AAACAXicdVDLSgNBEJyNrxhfUY9eBoPgadmVQMwt4MVjBNdEkhBmJ7PJkJnZZaZXiEvAg3/gVX/Ak3j1S7z7IU4eQiJa0FBUddPdFSaCG/C8Tye3srq2vpHfLGxt7+zuFfcPbkycasoCGotYN0NimOCKBcBBsGaiGZGhYI1weDHxG3dMGx6raxglrCNJX/GIUwJWug26Pg7bQNJuseS73hTYc6sWlfKcVH38Y5XQHPVu8avdi2kqmQIqiDEt30ugkxENnAo2LrRTwxJCh6TPWpYqIpnpZNODx/jEKj0cxdqWAjxVFycyIo0ZydB2SgID89ubiH95rRSi807GVZICU3S2KEoFhhhPvsc9rhkFMbKEUM3trZgOiCYUbEZLW4AP78eFxVj+J8GZW3W9q3KpVnuY5ZNHR+gYnSIfVVANXaI6ChBFEj2hZ/TiPDqvzpvzPmvNOfNMD9ESnI9v+SKYNQ==</latexit><latexit sha1_base64="ZJ4oLgfxJiHj79JsXgzTcDxiwMY=">AAACAXicdVDLSgNBEJyNrxhfUY9eBoPgadmVQMwt4MVjBNdEkhBmJ7PJkJnZZaZXiEvAg3/gVX/Ak3j1S7z7IU4eQiJa0FBUddPdFSaCG/C8Tye3srq2vpHfLGxt7+zuFfcPbkycasoCGotYN0NimOCKBcBBsGaiGZGhYI1weDHxG3dMGx6raxglrCNJX/GIUwJWug26Pg7bQNJuseS73hTYc6sWlfKcVH38Y5XQHPVu8avdi2kqmQIqiDEt30ugkxENnAo2LrRTwxJCh6TPWpYqIpnpZNODx/jEKj0cxdqWAjxVFycyIo0ZydB2SgID89ubiH95rRSi807GVZICU3S2KEoFhhhPvsc9rhkFMbKEUM3trZgOiCYUbEZLW4AP78eFxVj+J8GZW3W9q3KpVnuY5ZNHR+gYnSIfVVANXaI6ChBFEj2hZ/TiPDqvzpvzPmvNOfNMD9ESnI9v+SKYNQ==</latexit>

g

g

U1, G!

U1, G!

<latexit sha1_base64="75tK6E4MHTpF1zke6RWKcnkQllU="></latexit><latexit sha1_base64="75tK6E4MHTpF1zke6RWKcnkQllU="></latexit><latexit sha1_base64="75tK6E4MHTpF1zke6RWKcnkQllU="></latexit>
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Limits - pp > tau tau

Z !

øb

b

! +

! "

<latexit sha1_base64="XlUrroqUvbT630q1BcZOS+ZX5yo="></latexit><latexit sha1_base64="XlUrroqUvbT630q1BcZOS+ZX5yo="></latexit><latexit sha1_base64="XlUrroqUvbT630q1BcZOS+ZX5yo="></latexit>

U1

øb

b

! +

! !

<latexit sha1_base64="cXGM3LcSpZzoclU7euCw0HyS8XE="></latexit><latexit sha1_base64="cXGM3LcSpZzoclU7euCw0HyS8XE="></latexit><latexit sha1_base64="cXGM3LcSpZzoclU7euCw0HyS8XE="></latexit>

ATLAS recast



 19

Limits - pp > tau tau

Z !

øb

b

! +

! "

<latexit sha1_base64="XlUrroqUvbT630q1BcZOS+ZX5yo="></latexit><latexit sha1_base64="XlUrroqUvbT630q1BcZOS+ZX5yo="></latexit><latexit sha1_base64="XlUrroqUvbT630q1BcZOS+ZX5yo="></latexit>

U1

øb

b

! +

! !

<latexit sha1_base64="cXGM3LcSpZzoclU7euCw0HyS8XE="></latexit><latexit sha1_base64="cXGM3LcSpZzoclU7euCw0HyS8XE="></latexit><latexit sha1_base64="cXGM3LcSpZzoclU7euCw0HyS8XE="></latexit>

ATLAS recast
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Limits - pp > tau tau - U1

gU = 3
<latexit sha1_base64="wmIJcMqrhB76Bm52usTkNP8Gznc=">AAACAXicbVDLSsNAFJ34rPVVdelmsAiuSqKCulAKblxWMLbQhjKZ3rRDZyZhZiKE0J0/4Fb/wJW49Uv8Ab/DaZuFbT1w4XDOvdx7T5hwpo3rfjtLyyura+uljfLm1vbObmVv/1HHqaLg05jHqhUSDZxJ8A0zHFqJAiJCDs1weDv2m0+gNIvlg8kSCATpSxYxSoyVmv2uj6/xWbdSdWvuBHiReAWpogKNbuWn04tpKkAayonWbc9NTJATZRjlMCp3Ug0JoUPSh7alkgjQQT45d4SPrdLDUaxsSYMn6t+JnAitMxHaTkHMQM97Y/E/r52a6DLImUxSA5JOF0UpxybG499xjymghmeWEKqYvRXTAVGEGpvQzJYIMimSUdkG483HsEj809pVzb0/r9ZvioRK6BAdoRPkoQtUR3eogXxE0RC9oFf05jw7786H8zltXXKKmQM0A+frF2y1ltg=</latexit><latexit sha1_base64="wmIJcMqrhB76Bm52usTkNP8Gznc=">AAACAXicbVDLSsNAFJ34rPVVdelmsAiuSqKCulAKblxWMLbQhjKZ3rRDZyZhZiKE0J0/4Fb/wJW49Uv8Ab/DaZuFbT1w4XDOvdx7T5hwpo3rfjtLyyura+uljfLm1vbObmVv/1HHqaLg05jHqhUSDZxJ8A0zHFqJAiJCDs1weDv2m0+gNIvlg8kSCATpSxYxSoyVmv2uj6/xWbdSdWvuBHiReAWpogKNbuWn04tpKkAayonWbc9NTJATZRjlMCp3Ug0JoUPSh7alkgjQQT45d4SPrdLDUaxsSYMn6t+JnAitMxHaTkHMQM97Y/E/r52a6DLImUxSA5JOF0UpxybG499xjymghmeWEKqYvRXTAVGEGpvQzJYIMimSUdkG483HsEj809pVzb0/r9ZvioRK6BAdoRPkoQtUR3eogXxE0RC9oFf05jw7786H8zltXXKKmQM0A+frF2y1ltg=</latexit><latexit sha1_base64="wmIJcMqrhB76Bm52usTkNP8Gznc=">AAACAXicbVDLSsNAFJ34rPVVdelmsAiuSqKCulAKblxWMLbQhjKZ3rRDZyZhZiKE0J0/4Fb/wJW49Uv8Ab/DaZuFbT1w4XDOvdx7T5hwpo3rfjtLyyura+uljfLm1vbObmVv/1HHqaLg05jHqhUSDZxJ8A0zHFqJAiJCDs1weDv2m0+gNIvlg8kSCATpSxYxSoyVmv2uj6/xWbdSdWvuBHiReAWpogKNbuWn04tpKkAayonWbc9NTJATZRjlMCp3Ug0JoUPSh7alkgjQQT45d4SPrdLDUaxsSYMn6t+JnAitMxHaTkHMQM97Y/E/r52a6DLImUxSA5JOF0UpxybG499xjymghmeWEKqYvRXTAVGEGpvQzJYIMimSUdkG483HsEj809pVzb0/r9ZvioRK6BAdoRPkoQtUR3eogXxE0RC9oFf05jw7786H8zltXXKKmQM0A+frF2y1ltg=</latexit>

! 23
L = 0

<latexit sha1_base64="Id9nrX9rim6o8Qh+u3c6YR0PIcg=">AAACDHicbVDLSsNAFJ34rPUVdelmsAiuSlIFdaEU3LhwUcHaQhvDZHrTDp1MwsykUEK/wR9wq3/gStz6D/6A3+G0zcK2HrhwOOdezuUECWdKO863tbS8srq2Xtgobm5t7+zae/uPKk4lhTqNeSybAVHAmYC6ZppDM5FAooBDI+jfjP3GAKRisXjQwwS8iHQFCxkl2ki+bbcD0MS/e8oqpyN8hR3fLjllZwK8SNyclFCOmm//tDsxTSMQmnKiVMt1Eu1lRGpGOYyK7VRBQmifdKFlqCARKC+bfD7Cx0bp4DCWZoTGE/XvRUYipYZRYDYjontq3huL/3mtVIcXXsZEkmoQdBoUphzrGI9rwB0mgWo+NIRQycyvmPaIJFSbsmZSQhiKKBkVTTHufA2LpF4pX5ad+7NS9TpvqIAO0RE6QS46R1V0i2qojigaoBf0it6sZ+vd+rA+p6tLVn5zgGZgff0ChBOaow==</latexit><latexit sha1_base64="Id9nrX9rim6o8Qh+u3c6YR0PIcg=">AAACDHicbVDLSsNAFJ34rPUVdelmsAiuSlIFdaEU3LhwUcHaQhvDZHrTDp1MwsykUEK/wR9wq3/gStz6D/6A3+G0zcK2HrhwOOdezuUECWdKO863tbS8srq2Xtgobm5t7+zae/uPKk4lhTqNeSybAVHAmYC6ZppDM5FAooBDI+jfjP3GAKRisXjQwwS8iHQFCxkl2ki+bbcD0MS/e8oqpyN8hR3fLjllZwK8SNyclFCOmm//tDsxTSMQmnKiVMt1Eu1lRGpGOYyK7VRBQmifdKFlqCARKC+bfD7Cx0bp4DCWZoTGE/XvRUYipYZRYDYjontq3huL/3mtVIcXXsZEkmoQdBoUphzrGI9rwB0mgWo+NIRQycyvmPaIJFSbsmZSQhiKKBkVTTHufA2LpF4pX5ad+7NS9TpvqIAO0RE6QS46R1V0i2qojigaoBf0it6sZ+vd+rA+p6tLVn5zgGZgff0ChBOaow==</latexit><latexit sha1_base64="Id9nrX9rim6o8Qh+u3c6YR0PIcg=">AAACDHicbVDLSsNAFJ34rPUVdelmsAiuSlIFdaEU3LhwUcHaQhvDZHrTDp1MwsykUEK/wR9wq3/gStz6D/6A3+G0zcK2HrhwOOdezuUECWdKO863tbS8srq2Xtgobm5t7+zae/uPKk4lhTqNeSybAVHAmYC6ZppDM5FAooBDI+jfjP3GAKRisXjQwwS8iHQFCxkl2ki+bbcD0MS/e8oqpyN8hR3fLjllZwK8SNyclFCOmm//tDsxTSMQmnKiVMt1Eu1lRGpGOYyK7VRBQmifdKFlqCARKC+bfD7Cx0bp4DCWZoTGE/XvRUYipYZRYDYjontq3huL/3mtVIcXXsZEkmoQdBoUphzrGI9rwB0mgWo+NIRQycyvmPaIJFSbsmZSQhiKKBkVTTHufA2LpF4pX5ad+7NS9TpvqIAO0RE6QS46R1V0i2qojigaoBf0it6sZ+vd+rA+p6tLVn5zgGZgff0ChBOaow==</latexit>
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Limits - pp > tau tau - U1

U1s!
<latexit sha1_base64="Uxfo5Q8V8+IzBIBc3yBsVjB5vzA=">AAACAXicdVDLSgNBEJyNrxhfUY9eBoPgadmVQMwt4MVjBNdEkhBmJ7PJkJnZZaZXiEvAg3/gVX/Ak3j1S7z7IU4eQiJa0FBUddPdFSaCG/C8Tye3srq2vpHfLGxt7+zuFfcPbkycasoCGotYN0NimOCKBcBBsGaiGZGhYI1weDHxG3dMGx6raxglrCNJX/GIUwJWug26PjZtIGm3WPJdbwrsuVWLSnlOqj7+sUpojnq3+NXuxTSVTAEVxJiW7yXQyYgGTgUbF9qpYQmhQ9JnLUsVkcx0sunBY3xilR6OYm1LAZ6qixMZkcaMZGg7JYGB+e1NxL+8VgrReSfjKkmBKTpbFKUCQ4wn3+Me14yCGFlCqOb2VkwHRBMKNqOlLcCH9+PCYiz/k+DMrbreVblUqz3M8smjI3SMTpGPKqiGLlEdBYgiiZ7QM3pxHp1X5815n7XmnHmmh2gJzsc3FFqYRg==</latexit><latexit sha1_base64="Uxfo5Q8V8+IzBIBc3yBsVjB5vzA=">AAACAXicdVDLSgNBEJyNrxhfUY9eBoPgadmVQMwt4MVjBNdEkhBmJ7PJkJnZZaZXiEvAg3/gVX/Ak3j1S7z7IU4eQiJa0FBUddPdFSaCG/C8Tye3srq2vpHfLGxt7+zuFfcPbkycasoCGotYN0NimOCKBcBBsGaiGZGhYI1weDHxG3dMGx6raxglrCNJX/GIUwJWug26PjZtIGm3WPJdbwrsuVWLSnlOqj7+sUpojnq3+NXuxTSVTAEVxJiW7yXQyYgGTgUbF9qpYQmhQ9JnLUsVkcx0sunBY3xilR6OYm1LAZ6qixMZkcaMZGg7JYGB+e1NxL+8VgrReSfjKkmBKTpbFKUCQ4wn3+Me14yCGFlCqOb2VkwHRBMKNqOlLcCH9+PCYiz/k+DMrbreVblUqz3M8smjI3SMTpGPKqiGLlEdBYgiiZ7QM3pxHp1X5815n7XmnHmmh2gJzsc3FFqYRg==</latexit><latexit sha1_base64="Uxfo5Q8V8+IzBIBc3yBsVjB5vzA=">AAACAXicdVDLSgNBEJyNrxhfUY9eBoPgadmVQMwt4MVjBNdEkhBmJ7PJkJnZZaZXiEvAg3/gVX/Ak3j1S7z7IU4eQiJa0FBUddPdFSaCG/C8Tye3srq2vpHfLGxt7+zuFfcPbkycasoCGotYN0NimOCKBcBBsGaiGZGhYI1weDHxG3dMGx6raxglrCNJX/GIUwJWug26PjZtIGm3WPJdbwrsuVWLSnlOqj7+sUpojnq3+NXuxTSVTAEVxJiW7yXQyYgGTgUbF9qpYQmhQ9JnLUsVkcx0sunBY3xilR6OYm1LAZ6qixMZkcaMZGg7JYGB+e1NxL+8VgrReSfjKkmBKTpbFKUCQ4wn3+Me14yCGFlCqOb2VkwHRBMKNqOlLcCH9+PCYiz/k+DMrbreVblUqz3M8smjI3SMTpGPKqiGLlEdBYgiiZ7QM3pxHp1X5815n7XmnHmmh2gJzsc3FFqYRg==</latexit>

U1

øb

s

! +

! !

<latexit sha1_base64="Q+LSgMjAVJ4KlKVNPQONyzqeuv8="></latexit><latexit sha1_base64="Q+LSgMjAVJ4KlKVNPQONyzqeuv8="></latexit><latexit sha1_base64="Q+LSgMjAVJ4KlKVNPQONyzqeuv8="></latexit> gU = 3
<latexit sha1_base64="wmIJcMqrhB76Bm52usTkNP8Gznc=">AAACAXicbVDLSsNAFJ34rPVVdelmsAiuSqKCulAKblxWMLbQhjKZ3rRDZyZhZiKE0J0/4Fb/wJW49Uv8Ab/DaZuFbT1w4XDOvdx7T5hwpo3rfjtLyyura+uljfLm1vbObmVv/1HHqaLg05jHqhUSDZxJ8A0zHFqJAiJCDs1weDv2m0+gNIvlg8kSCATpSxYxSoyVmv2uj6/xWbdSdWvuBHiReAWpogKNbuWn04tpKkAayonWbc9NTJATZRjlMCp3Ug0JoUPSh7alkgjQQT45d4SPrdLDUaxsSYMn6t+JnAitMxHaTkHMQM97Y/E/r52a6DLImUxSA5JOF0UpxybG499xjymghmeWEKqYvRXTAVGEGpvQzJYIMimSUdkG483HsEj809pVzb0/r9ZvioRK6BAdoRPkoQtUR3eogXxE0RC9oFf05jw7786H8zltXXKKmQM0A+frF2y1ltg=</latexit><latexit sha1_base64="wmIJcMqrhB76Bm52usTkNP8Gznc=">AAACAXicbVDLSsNAFJ34rPVVdelmsAiuSqKCulAKblxWMLbQhjKZ3rRDZyZhZiKE0J0/4Fb/wJW49Uv8Ab/DaZuFbT1w4XDOvdx7T5hwpo3rfjtLyyura+uljfLm1vbObmVv/1HHqaLg05jHqhUSDZxJ8A0zHFqJAiJCDs1weDv2m0+gNIvlg8kSCATpSxYxSoyVmv2uj6/xWbdSdWvuBHiReAWpogKNbuWn04tpKkAayonWbc9NTJATZRjlMCp3Ug0JoUPSh7alkgjQQT45d4SPrdLDUaxsSYMn6t+JnAitMxHaTkHMQM97Y/E/r52a6DLImUxSA5JOF0UpxybG499xjymghmeWEKqYvRXTAVGEGpvQzJYIMimSUdkG483HsEj809pVzb0/r9ZvioRK6BAdoRPkoQtUR3eogXxE0RC9oFf05jw7786H8zltXXKKmQM0A+frF2y1ltg=</latexit><latexit sha1_base64="wmIJcMqrhB76Bm52usTkNP8Gznc=">AAACAXicbVDLSsNAFJ34rPVVdelmsAiuSqKCulAKblxWMLbQhjKZ3rRDZyZhZiKE0J0/4Fb/wJW49Uv8Ab/DaZuFbT1w4XDOvdx7T5hwpo3rfjtLyyura+uljfLm1vbObmVv/1HHqaLg05jHqhUSDZxJ8A0zHFqJAiJCDs1weDv2m0+gNIvlg8kSCATpSxYxSoyVmv2uj6/xWbdSdWvuBHiReAWpogKNbuWn04tpKkAayonWbc9NTJATZRjlMCp3Ug0JoUPSh7alkgjQQT45d4SPrdLDUaxsSYMn6t+JnAitMxHaTkHMQM97Y/E/r52a6DLImUxSA5JOF0UpxybG499xjymghmeWEKqYvRXTAVGEGpvQzJYIMimSUdkG483HsEj809pVzb0/r9ZvioRK6BAdoRPkoQtUR3eogXxE0RC9oFf05jw7786H8zltXXKKmQM0A+frF2y1ltg=</latexit>

! 23
L = 0

<latexit sha1_base64="Id9nrX9rim6o8Qh+u3c6YR0PIcg=">AAACDHicbVDLSsNAFJ34rPUVdelmsAiuSlIFdaEU3LhwUcHaQhvDZHrTDp1MwsykUEK/wR9wq3/gStz6D/6A3+G0zcK2HrhwOOdezuUECWdKO863tbS8srq2Xtgobm5t7+zae/uPKk4lhTqNeSybAVHAmYC6ZppDM5FAooBDI+jfjP3GAKRisXjQwwS8iHQFCxkl2ki+bbcD0MS/e8oqpyN8hR3fLjllZwK8SNyclFCOmm//tDsxTSMQmnKiVMt1Eu1lRGpGOYyK7VRBQmifdKFlqCARKC+bfD7Cx0bp4DCWZoTGE/XvRUYipYZRYDYjontq3huL/3mtVIcXXsZEkmoQdBoUphzrGI9rwB0mgWo+NIRQycyvmPaIJFSbsmZSQhiKKBkVTTHufA2LpF4pX5ad+7NS9TpvqIAO0RE6QS46R1V0i2qojigaoBf0it6sZ+vd+rA+p6tLVn5zgGZgff0ChBOaow==</latexit><latexit sha1_base64="Id9nrX9rim6o8Qh+u3c6YR0PIcg=">AAACDHicbVDLSsNAFJ34rPUVdelmsAiuSlIFdaEU3LhwUcHaQhvDZHrTDp1MwsykUEK/wR9wq3/gStz6D/6A3+G0zcK2HrhwOOdezuUECWdKO863tbS8srq2Xtgobm5t7+zae/uPKk4lhTqNeSybAVHAmYC6ZppDM5FAooBDI+jfjP3GAKRisXjQwwS8iHQFCxkl2ki+bbcD0MS/e8oqpyN8hR3fLjllZwK8SNyclFCOmm//tDsxTSMQmnKiVMt1Eu1lRGpGOYyK7VRBQmifdKFlqCARKC+bfD7Cx0bp4DCWZoTGE/XvRUYipYZRYDYjontq3huL/3mtVIcXXsZEkmoQdBoUphzrGI9rwB0mgWo+NIRQycyvmPaIJFSbsmZSQhiKKBkVTTHufA2LpF4pX5ad+7NS9TpvqIAO0RE6QS46R1V0i2qojigaoBf0it6sZ+vd+rA+p6tLVn5zgGZgff0ChBOaow==</latexit><latexit sha1_base64="Id9nrX9rim6o8Qh+u3c6YR0PIcg=">AAACDHicbVDLSsNAFJ34rPUVdelmsAiuSlIFdaEU3LhwUcHaQhvDZHrTDp1MwsykUEK/wR9wq3/gStz6D/6A3+G0zcK2HrhwOOdezuUECWdKO863tbS8srq2Xtgobm5t7+zae/uPKk4lhTqNeSybAVHAmYC6ZppDM5FAooBDI+jfjP3GAKRisXjQwwS8iHQFCxkl2ki+bbcD0MS/e8oqpyN8hR3fLjllZwK8SNyclFCOmm//tDsxTSMQmnKiVMt1Eu1lRGpGOYyK7VRBQmifdKFlqCARKC+bfD7Cx0bp4DCWZoTGE/XvRUYipYZRYDYjontq3huL/3mtVIcXXsZEkmoQdBoUphzrGI9rwB0mgWo+NIRQycyvmPaIJFSbsmZSQhiKKBkVTTHufA2LpF4pX5ad+7NS9TpvqIAO0RE6QS46R1V0i2qojigaoBf0it6sZ+vd+rA+p6tLVn5zgGZgff0ChBOaow==</latexit>
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Limits - pp > tau tau - ZÕ

gZ ! = 3
<latexit sha1_base64="yPV62kywIpySpwEI7JzkSqgpe80=">AAACAnicbVDLSsNAFJ34rPVVdekmWERXJVFBXSgFNy4rGFtsQ5lMb9qhM5MwMxFCyNIfcKt/4Erc+iP+gN/htM3Cth64cDjnXu69J4gZVdpxvq2FxaXlldXSWnl9Y3Nru7Kz+6CiRBLwSMQi2QqwAkYFeJpqBq1YAuYBg2YwvBn5zSeQikbiXqcx+Bz3BQ0pwdpIrX43ezzKr067lapTc8aw54lbkCoq0OhWfjq9iCQchCYMK9V2nVj7GZaaEgZ5uZMoiDEZ4j60DRWYg/Kz8b25fWiUnh1G0pTQ9lj9O5FhrlTKA9PJsR6oWW8k/ue1Ex1e+BkVcaJBkMmiMGG2juzR83aPSiCapYZgIqm51SYDLDHRJqKpLSGkgsd52QTjzsYwT7yT2mXNuTur1q+LhEpoHx2gY+Sic1RHt6iBPEQQQy/oFb1Zz9a79WF9TloXrGJmD03B+voFAEWXxg==</latexit><latexit sha1_base64="yPV62kywIpySpwEI7JzkSqgpe80=">AAACAnicbVDLSsNAFJ34rPVVdekmWERXJVFBXSgFNy4rGFtsQ5lMb9qhM5MwMxFCyNIfcKt/4Erc+iP+gN/htM3Cth64cDjnXu69J4gZVdpxvq2FxaXlldXSWnl9Y3Nru7Kz+6CiRBLwSMQi2QqwAkYFeJpqBq1YAuYBg2YwvBn5zSeQikbiXqcx+Bz3BQ0pwdpIrX43ezzKr067lapTc8aw54lbkCoq0OhWfjq9iCQchCYMK9V2nVj7GZaaEgZ5uZMoiDEZ4j60DRWYg/Kz8b25fWiUnh1G0pTQ9lj9O5FhrlTKA9PJsR6oWW8k/ue1Ex1e+BkVcaJBkMmiMGG2juzR83aPSiCapYZgIqm51SYDLDHRJqKpLSGkgsd52QTjzsYwT7yT2mXNuTur1q+LhEpoHx2gY+Sic1RHt6iBPEQQQy/oFb1Zz9a79WF9TloXrGJmD03B+voFAEWXxg==</latexit><latexit sha1_base64="yPV62kywIpySpwEI7JzkSqgpe80=">AAACAnicbVDLSsNAFJ34rPVVdekmWERXJVFBXSgFNy4rGFtsQ5lMb9qhM5MwMxFCyNIfcKt/4Erc+iP+gN/htM3Cth64cDjnXu69J4gZVdpxvq2FxaXlldXSWnl9Y3Nru7Kz+6CiRBLwSMQi2QqwAkYFeJpqBq1YAuYBg2YwvBn5zSeQikbiXqcx+Bz3BQ0pwdpIrX43ezzKr067lapTc8aw54lbkCoq0OhWfjq9iCQchCYMK9V2nVj7GZaaEgZ5uZMoiDEZ4j60DRWYg/Kz8b25fWiUnh1G0pTQ9lj9O5FhrlTKA9PJsR6oWW8k/ue1Ex1e+BkVcaJBkMmiMGG2juzR83aPSiCapYZgIqm51SYDLDHRJqKpLSGkgsd52QTjzsYwT7yT2mXNuTur1q+LhEpoHx2gY+Sic1RHt6iBPEQQQy/oFb1Zz9a79WF9TloXrGJmD03B+voFAEWXxg==</latexit>

! ll
q = 0

<latexit sha1_base64="VlwfsyqcQgF9LgX7ixAmMpKqnsU=">AAACCHicbVDLSsNAFJ3UV62vqks3g0VwVVIR1IVScOOygrGFNi2T6U07dDKJMxMhhnyBP+BW/8CVuPUv/AG/w2mbhW09cOFwzr2cy/EizpS27W+rsLS8srpWXC9tbG5t75R39+5VGEsKDg15KFseUcCZAEczzaEVSSCBx6Hpja7HfvMRpGKhuNNJBG5ABoL5jBJtpG7nCTTpPXRTzrNLu1eu2FV7ArxIajmpoByNXvmn0w9pHIDQlBOl2jU70m5KpGaUQ1bqxAoiQkdkAG1DBQlAuenk6wwfGaWP/VCaERpP1L8XKQmUSgLPbAZED9W8Nxb/89qx9s/dlIko1iDoNMiPOdYhHleA+0wC1TwxhFDJzK+YDokkVJuiZlJ8SEQQZSVTTG2+hkXinFQvqvbtaaV+lTdURAfoEB2jGjpDdXSDGshBFEn0gl7Rm/VsvVsf1ud0tWDlN/toBtbXL2wbms4=</latexit><latexit sha1_base64="VlwfsyqcQgF9LgX7ixAmMpKqnsU=">AAACCHicbVDLSsNAFJ3UV62vqks3g0VwVVIR1IVScOOygrGFNi2T6U07dDKJMxMhhnyBP+BW/8CVuPUv/AG/w2mbhW09cOFwzr2cy/EizpS27W+rsLS8srpWXC9tbG5t75R39+5VGEsKDg15KFseUcCZAEczzaEVSSCBx6Hpja7HfvMRpGKhuNNJBG5ABoL5jBJtpG7nCTTpPXRTzrNLu1eu2FV7ArxIajmpoByNXvmn0w9pHIDQlBOl2jU70m5KpGaUQ1bqxAoiQkdkAG1DBQlAuenk6wwfGaWP/VCaERpP1L8XKQmUSgLPbAZED9W8Nxb/89qx9s/dlIko1iDoNMiPOdYhHleA+0wC1TwxhFDJzK+YDokkVJuiZlJ8SEQQZSVTTG2+hkXinFQvqvbtaaV+lTdURAfoEB2jGjpDdXSDGshBFEn0gl7Rm/VsvVsf1ud0tWDlN/toBtbXL2wbms4=</latexit><latexit sha1_base64="VlwfsyqcQgF9LgX7ixAmMpKqnsU=">AAACCHicbVDLSsNAFJ3UV62vqks3g0VwVVIR1IVScOOygrGFNi2T6U07dDKJMxMhhnyBP+BW/8CVuPUv/AG/w2mbhW09cOFwzr2cy/EizpS27W+rsLS8srpWXC9tbG5t75R39+5VGEsKDg15KFseUcCZAEczzaEVSSCBx6Hpja7HfvMRpGKhuNNJBG5ABoL5jBJtpG7nCTTpPXRTzrNLu1eu2FV7ArxIajmpoByNXvmn0w9pHIDQlBOl2jU70m5KpGaUQ1bqxAoiQkdkAG1DBQlAuenk6wwfGaWP/VCaERpP1L8XKQmUSgLPbAZED9W8Nxb/89qx9s/dlIko1iDoNMiPOdYhHleA+0wC1TwxhFDJzK+YDokkVJuiZlJ8SEQQZSVTTG2+hkXinFQvqvbtaaV+lTdURAfoEB2jGjpDdXSDGshBFEn0gl7Rm/VsvVsf1ud0tWDlN/toBtbXL2wbms4=</latexit>
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Limits - pp > tau tau - ZÕ

Z !q1
L q1

L = Z !q2
L q2

L
<latexit sha1_base64="iaE0IqlMNJn3e1e8m4CHvsEPZNU=">AAACFXicbVC7TsMwFHXKq5RXgAmxWFQIpiqpkIABVImFgaFIhFa0oXJcp7XqOMF2kKKo4jf4AVb4AybEyswP8B24aQbaciRfHZ9zr659vIhRqSzr2yjMzS8sLhWXSyura+sb5ubWrQxjgYmDQxaKpockYZQTR1HFSDMSBAUeIw1vcDHyG49ESBryG5VExA1Qj1OfYqS01DF37g4eOlf3dlbOxpdqVjpm2apYGeAssXNSBjnqHfOn3Q1xHBCuMENStmwrUm6KhKKYkWGpHUsSITxAPdLSlKOASDfNvjCE+1rpQj8U+nAFM/XvRIoCKZPA050BUn057Y3E/7xWrPwTN6U8ihXheLzIjxlUIRzlAbtUEKxYognCguq3QtxHAmGlU5vY4pOEB9GwpIOxp2OYJU61clqxro/KtfM8oSLYBXvgENjgGNTAJagDB2DwBF7AK3gzno1348P4HLcWjHxmG0zA+PoFnTGd3w==</latexit><latexit sha1_base64="iaE0IqlMNJn3e1e8m4CHvsEPZNU=">AAACFXicbVC7TsMwFHXKq5RXgAmxWFQIpiqpkIABVImFgaFIhFa0oXJcp7XqOMF2kKKo4jf4AVb4AybEyswP8B24aQbaciRfHZ9zr659vIhRqSzr2yjMzS8sLhWXSyura+sb5ubWrQxjgYmDQxaKpockYZQTR1HFSDMSBAUeIw1vcDHyG49ESBryG5VExA1Qj1OfYqS01DF37g4eOlf3dlbOxpdqVjpm2apYGeAssXNSBjnqHfOn3Q1xHBCuMENStmwrUm6KhKKYkWGpHUsSITxAPdLSlKOASDfNvjCE+1rpQj8U+nAFM/XvRIoCKZPA050BUn057Y3E/7xWrPwTN6U8ihXheLzIjxlUIRzlAbtUEKxYognCguq3QtxHAmGlU5vY4pOEB9GwpIOxp2OYJU61clqxro/KtfM8oSLYBXvgENjgGNTAJagDB2DwBF7AK3gzno1348P4HLcWjHxmG0zA+PoFnTGd3w==</latexit><latexit sha1_base64="iaE0IqlMNJn3e1e8m4CHvsEPZNU=">AAACFXicbVC7TsMwFHXKq5RXgAmxWFQIpiqpkIABVImFgaFIhFa0oXJcp7XqOMF2kKKo4jf4AVb4AybEyswP8B24aQbaciRfHZ9zr659vIhRqSzr2yjMzS8sLhWXSyura+sb5ubWrQxjgYmDQxaKpockYZQTR1HFSDMSBAUeIw1vcDHyG49ESBryG5VExA1Qj1OfYqS01DF37g4eOlf3dlbOxpdqVjpm2apYGeAssXNSBjnqHfOn3Q1xHBCuMENStmwrUm6KhKKYkWGpHUsSITxAPdLSlKOASDfNvjCE+1rpQj8U+nAFM/XvRIoCKZPA050BUn057Y3E/7xWrPwTN6U8ihXheLzIjxlUIRzlAbtUEKxYognCguq3QtxHAmGlU5vY4pOEB9GwpIOxp2OYJU61clqxro/KtfM8oSLYBXvgENjgGNTAJagDB2DwBF7AK3gzno1348P4HLcWjHxmG0zA+PoFnTGd3w==</latexit>

gZ ! = 3
<latexit sha1_base64="yPV62kywIpySpwEI7JzkSqgpe80=">AAACAnicbVDLSsNAFJ34rPVVdekmWERXJVFBXSgFNy4rGFtsQ5lMb9qhM5MwMxFCyNIfcKt/4Erc+iP+gN/htM3Cth64cDjnXu69J4gZVdpxvq2FxaXlldXSWnl9Y3Nru7Kz+6CiRBLwSMQi2QqwAkYFeJpqBq1YAuYBg2YwvBn5zSeQikbiXqcx+Bz3BQ0pwdpIrX43ezzKr067lapTc8aw54lbkCoq0OhWfjq9iCQchCYMK9V2nVj7GZaaEgZ5uZMoiDEZ4j60DRWYg/Kz8b25fWiUnh1G0pTQ9lj9O5FhrlTKA9PJsR6oWW8k/ue1Ex1e+BkVcaJBkMmiMGG2juzR83aPSiCapYZgIqm51SYDLDHRJqKpLSGkgsd52QTjzsYwT7yT2mXNuTur1q+LhEpoHx2gY+Sic1RHt6iBPEQQQy/oFb1Zz9a79WF9TloXrGJmD03B+voFAEWXxg==</latexit><latexit sha1_base64="yPV62kywIpySpwEI7JzkSqgpe80=">AAACAnicbVDLSsNAFJ34rPVVdekmWERXJVFBXSgFNy4rGFtsQ5lMb9qhM5MwMxFCyNIfcKt/4Erc+iP+gN/htM3Cth64cDjnXu69J4gZVdpxvq2FxaXlldXSWnl9Y3Nru7Kz+6CiRBLwSMQi2QqwAkYFeJpqBq1YAuYBg2YwvBn5zSeQikbiXqcx+Bz3BQ0pwdpIrX43ezzKr067lapTc8aw54lbkCoq0OhWfjq9iCQchCYMK9V2nVj7GZaaEgZ5uZMoiDEZ4j60DRWYg/Kz8b25fWiUnh1G0pTQ9lj9O5FhrlTKA9PJsR6oWW8k/ue1Ex1e+BkVcaJBkMmiMGG2juzR83aPSiCapYZgIqm51SYDLDHRJqKpLSGkgsd52QTjzsYwT7yT2mXNuTur1q+LhEpoHx2gY+Sic1RHt6iBPEQQQy/oFb1Zz9a79WF9TloXrGJmD03B+voFAEWXxg==</latexit><latexit sha1_base64="yPV62kywIpySpwEI7JzkSqgpe80=">AAACAnicbVDLSsNAFJ34rPVVdekmWERXJVFBXSgFNy4rGFtsQ5lMb9qhM5MwMxFCyNIfcKt/4Erc+iP+gN/htM3Cth64cDjnXu69J4gZVdpxvq2FxaXlldXSWnl9Y3Nru7Kz+6CiRBLwSMQi2QqwAkYFeJpqBq1YAuYBg2YwvBn5zSeQikbiXqcx+Bz3BQ0pwdpIrX43ezzKr067lapTc8aw54lbkCoq0OhWfjq9iCQchCYMK9V2nVj7GZaaEgZ5uZMoiDEZ4j60DRWYg/Kz8b25fWiUnh1G0pTQ9lj9O5FhrlTKA9PJsR6oWW8k/ue1Ex1e+BkVcaJBkMmiMGG2juzR83aPSiCapYZgIqm51SYDLDHRJqKpLSGkgsd52QTjzsYwT7yT2mXNuTur1q+LhEpoHx2gY+Sic1RHt6iBPEQQQy/oFb1Zz9a79WF9TloXrGJmD03B+voFAEWXxg==</latexit>

! ll
q = 0

<latexit sha1_base64="VlwfsyqcQgF9LgX7ixAmMpKqnsU=">AAACCHicbVDLSsNAFJ3UV62vqks3g0VwVVIR1IVScOOygrGFNi2T6U07dDKJMxMhhnyBP+BW/8CVuPUv/AG/w2mbhW09cOFwzr2cy/EizpS27W+rsLS8srpWXC9tbG5t75R39+5VGEsKDg15KFseUcCZAEczzaEVSSCBx6Hpja7HfvMRpGKhuNNJBG5ABoL5jBJtpG7nCTTpPXRTzrNLu1eu2FV7ArxIajmpoByNXvmn0w9pHIDQlBOl2jU70m5KpGaUQ1bqxAoiQkdkAG1DBQlAuenk6wwfGaWP/VCaERpP1L8XKQmUSgLPbAZED9W8Nxb/89qx9s/dlIko1iDoNMiPOdYhHleA+0wC1TwxhFDJzK+YDokkVJuiZlJ8SEQQZSVTTG2+hkXinFQvqvbtaaV+lTdURAfoEB2jGjpDdXSDGshBFEn0gl7Rm/VsvVsf1ud0tWDlN/toBtbXL2wbms4=</latexit><latexit sha1_base64="VlwfsyqcQgF9LgX7ixAmMpKqnsU=">AAACCHicbVDLSsNAFJ3UV62vqks3g0VwVVIR1IVScOOygrGFNi2T6U07dDKJMxMhhnyBP+BW/8CVuPUv/AG/w2mbhW09cOFwzr2cy/EizpS27W+rsLS8srpWXC9tbG5t75R39+5VGEsKDg15KFseUcCZAEczzaEVSSCBx6Hpja7HfvMRpGKhuNNJBG5ABoL5jBJtpG7nCTTpPXRTzrNLu1eu2FV7ArxIajmpoByNXvmn0w9pHIDQlBOl2jU70m5KpGaUQ1bqxAoiQkdkAG1DBQlAuenk6wwfGaWP/VCaERpP1L8XKQmUSgLPbAZED9W8Nxb/89qx9s/dlIko1iDoNMiPOdYhHleA+0wC1TwxhFDJzK+YDokkVJuiZlJ8SEQQZSVTTG2+hkXinFQvqvbtaaV+lTdURAfoEB2jGjpDdXSDGshBFEn0gl7Rm/VsvVsf1ud0tWDlN/toBtbXL2wbms4=</latexit><latexit sha1_base64="VlwfsyqcQgF9LgX7ixAmMpKqnsU=">AAACCHicbVDLSsNAFJ3UV62vqks3g0VwVVIR1IVScOOygrGFNi2T6U07dDKJMxMhhnyBP+BW/8CVuPUv/AG/w2mbhW09cOFwzr2cy/EizpS27W+rsLS8srpWXC9tbG5t75R39+5VGEsKDg15KFseUcCZAEczzaEVSSCBx6Hpja7HfvMRpGKhuNNJBG5ABoL5jBJtpG7nCTTpPXRTzrNLu1eu2FV7ArxIajmpoByNXvmn0w9pHIDQlBOl2jU70m5KpGaUQ1bqxAoiQkdkAG1DBQlAuenk6wwfGaWP/VCaERpP1L8XKQmUSgLPbAZED9W8Nxb/89qx9s/dlIko1iDoNMiPOdYhHleA+0wC1TwxhFDJzK+YDokkVJuiZlJ8SEQQZSVTTG2+hkXinFQvqvbtaaV+lTdURAfoEB2jGjpDdXSDGshBFEn0gl7Rm/VsvVsf1ud0tWDlN/toBtbXL2wbms4=</latexit>
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Limits - pp > tau tau - U1 and ZÕ
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Limits - pp > tau nu

U1

øc

b

! !

" !

<latexit sha1_base64="daD8p3lwi97/wiXXtOMhHgBBTxM="></latexit><latexit sha1_base64="daD8p3lwi97/wiXXtOMhHgBBTxM="></latexit><latexit sha1_base64="daD8p3lwi97/wiXXtOMhHgBBTxM="></latexit><latexit sha1_base64="61SQR/9hKra8AoxfaIMC/TkDQ8Q=">AAAB7HicbZDNSgMxFIXv1L86Vq1rN8EiuCozbtSd4MZlBccW6lAymTttaJIZkoxQxr6AW9/AlfhGvoDPYfqzsK0HAodzEu7NlxSCGxsE315ta3tnd6++7x80/MOj42bjyeSlZhixXOS6l1CDgiuMLLcCe4VGKhOB3WR8N+u7L6gNz9WjnRQYSzpUPOOMWhd1Bs1W0A7mIpsmXJoWLDVo/jynOSslKssENaYfBoWNK6otZwKn/nNpsKBsTIfYd1ZRiSau5mtOyblLUpLl2h1lyTz9+6Ki0piJTNxNSe3IrHez8L+uX9rsOq64KkqLii0GZaUgNiezP5OUa2RWTJyhTHO3K2EjqimzjszKlAwnShZT33EJ1ylsmuiyfdMOHgKowymcwQWEcAW3cA8diIBBCm/w7r16H97nAl/NW3I8gRV5X79GzZJ2</latexit><latexit sha1_base64="w+l8SaijPVNRPwYpeVHP8rC4GWM="></latexit><latexit sha1_base64="w+l8SaijPVNRPwYpeVHP8rC4GWM="></latexit><latexit sha1_base64="qW/b3AE7cXgorR7k1DOCS1E/ktk="></latexit><latexit sha1_base64="daD8p3lwi97/wiXXtOMhHgBBTxM="></latexit><latexit sha1_base64="daD8p3lwi97/wiXXtOMhHgBBTxM="></latexit><latexit sha1_base64="daD8p3lwi97/wiXXtOMhHgBBTxM="></latexit><latexit sha1_base64="daD8p3lwi97/wiXXtOMhHgBBTxM="></latexit><latexit sha1_base64="daD8p3lwi97/wiXXtOMhHgBBTxM="></latexit>

CMS recast
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Limits - pp > tau nu

U1c! !
<latexit sha1_base64="LRrxNKeZjjRvFVsGWoCgVXTVK8Y=">AAACBnicdZDNSsNAFIUn9a/Wv6pLN4NFcFUSKdTuCm5cVjC20MQwmU7aoZNJmLkRaii49Q3c6gu4Ere+hnsfxOmP0IoeGDicc4d7+cJUcA22/WkVVlbX1jeKm6Wt7Z3dvfL+wY1OMkWZSxORqE5INBNcMhc4CNZJFSNxKFg7HF5M+vYdU5on8hpGKfNj0pc84pSAiW7dwMEUezILPCBZUK44VXsqbFcbRvXa3DQc/FNV0FytoPzl9RKaxUwCFUTrrmOn4OdEAaeCjUtepllK6JD0WddYSWKm/Xx69RifmKSHo0SZJwFP08UfOYm1HsWhmYwJDPTvbhL+1XUziM79nMs0AybpbFGUCQwJniDAPa4YBTEyhlDFza2YDogiFAyopS3Ah/fj0iKW/417Vm1U7atapdl8mPEpoiN0jE6Rg+qoiS5RC7mIIoWe0DN6sR6tV+vNep+NFqw500O0JOvjG4afmiY=</latexit><latexit sha1_base64="LRrxNKeZjjRvFVsGWoCgVXTVK8Y=">AAACBnicdZDNSsNAFIUn9a/Wv6pLN4NFcFUSKdTuCm5cVjC20MQwmU7aoZNJmLkRaii49Q3c6gu4Ere+hnsfxOmP0IoeGDicc4d7+cJUcA22/WkVVlbX1jeKm6Wt7Z3dvfL+wY1OMkWZSxORqE5INBNcMhc4CNZJFSNxKFg7HF5M+vYdU5on8hpGKfNj0pc84pSAiW7dwMEUezILPCBZUK44VXsqbFcbRvXa3DQc/FNV0FytoPzl9RKaxUwCFUTrrmOn4OdEAaeCjUtepllK6JD0WddYSWKm/Xx69RifmKSHo0SZJwFP08UfOYm1HsWhmYwJDPTvbhL+1XUziM79nMs0AybpbFGUCQwJniDAPa4YBTEyhlDFza2YDogiFAyopS3Ah/fj0iKW/417Vm1U7atapdl8mPEpoiN0jE6Rg+qoiS5RC7mIIoWe0DN6sR6tV+vNep+NFqw500O0JOvjG4afmiY=</latexit><latexit sha1_base64="LRrxNKeZjjRvFVsGWoCgVXTVK8Y=">AAACBnicdZDNSsNAFIUn9a/Wv6pLN4NFcFUSKdTuCm5cVjC20MQwmU7aoZNJmLkRaii49Q3c6gu4Ere+hnsfxOmP0IoeGDicc4d7+cJUcA22/WkVVlbX1jeKm6Wt7Z3dvfL+wY1OMkWZSxORqE5INBNcMhc4CNZJFSNxKFg7HF5M+vYdU5on8hpGKfNj0pc84pSAiW7dwMEUezILPCBZUK44VXsqbFcbRvXa3DQc/FNV0FytoPzl9RKaxUwCFUTrrmOn4OdEAaeCjUtepllK6JD0WddYSWKm/Xx69RifmKSHo0SZJwFP08UfOYm1HsWhmYwJDPTvbhL+1XUziM79nMs0AybpbFGUCQwJniDAPa4YBTEyhlDFza2YDogiFAyopS3Ah/fj0iKW/417Vm1U7atapdl8mPEpoiN0jE6Rg+qoiS5RC7mIIoWe0DN6sR6tV+vNep+NFqw500O0JOvjG4afmiY=</latexit>

U1

øc

b

! !

" !

<latexit sha1_base64="daD8p3lwi97/wiXXtOMhHgBBTxM="></latexit><latexit sha1_base64="daD8p3lwi97/wiXXtOMhHgBBTxM="></latexit><latexit sha1_base64="daD8p3lwi97/wiXXtOMhHgBBTxM="></latexit><latexit sha1_base64="61SQR/9hKra8AoxfaIMC/TkDQ8Q=">AAAB7HicbZDNSgMxFIXv1L86Vq1rN8EiuCozbtSd4MZlBccW6lAymTttaJIZkoxQxr6AW9/AlfhGvoDPYfqzsK0HAodzEu7NlxSCGxsE315ta3tnd6++7x80/MOj42bjyeSlZhixXOS6l1CDgiuMLLcCe4VGKhOB3WR8N+u7L6gNz9WjnRQYSzpUPOOMWhd1Bs1W0A7mIpsmXJoWLDVo/jynOSslKssENaYfBoWNK6otZwKn/nNpsKBsTIfYd1ZRiSau5mtOyblLUpLl2h1lyTz9+6Ki0piJTNxNSe3IrHez8L+uX9rsOq64KkqLii0GZaUgNiezP5OUa2RWTJyhTHO3K2EjqimzjszKlAwnShZT33EJ1ylsmuiyfdMOHgKowymcwQWEcAW3cA8diIBBCm/w7r16H97nAl/NW3I8gRV5X79GzZJ2</latexit><latexit sha1_base64="w+l8SaijPVNRPwYpeVHP8rC4GWM="></latexit><latexit sha1_base64="w+l8SaijPVNRPwYpeVHP8rC4GWM="></latexit><latexit sha1_base64="qW/b3AE7cXgorR7k1DOCS1E/ktk="></latexit><latexit sha1_base64="daD8p3lwi97/wiXXtOMhHgBBTxM="></latexit><latexit sha1_base64="daD8p3lwi97/wiXXtOMhHgBBTxM="></latexit><latexit sha1_base64="daD8p3lwi97/wiXXtOMhHgBBTxM="></latexit><latexit sha1_base64="daD8p3lwi97/wiXXtOMhHgBBTxM="></latexit><latexit sha1_base64="daD8p3lwi97/wiXXtOMhHgBBTxM="></latexit>

CMS recast

c.f. A. GreljoÕs talk
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Limits - pp > tau mu

ATLAS recast
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Limits - pp > tau mu

ATLAS recast

U1bµ
<latexit sha1_base64="/11Q/nHoXVxaPkCrb1AQBRY8g8M=">AAACAXicdVDLSgNBEJyNrxhfUY9eBoPgadmVQMwt4MVjBNdEkhBmJ7PJkJnZZaZXiEvAg3/gVX/Ak3j1S7z7IU4eQiJa0FBUddPdFSaCG/C8Tye3srq2vpHfLGxt7+zuFfcPbkycasoCGotYN0NimOCKBcBBsGaiGZGhYI1weDHxG3dMGx6raxglrCNJX/GIUwJWug26Pg5xW6bdYsl3vSmw51YtKuU5qfr4xyqhOerd4le7F9NUMgVUEGNavpdAJyMaOBVsXGinhiWEDkmftSxVRDLTyaYHj/GJVXo4irUtBXiqLk5kRBozkqHtlAQG5rc3Ef/yWilE552MqyQFpuhsUZQKDDGefI97XDMKYmQJoZrbWzEdEE0o2IyWtgAf3o8Li7H8T4Izt+p6V+VSrfYwyyePjtAxOkU+qqAaukR1FCCKJHpCz+jFeXRenTfnfdaac+aZHqIlOB/fhmKX7Q==</latexit><latexit sha1_base64="/11Q/nHoXVxaPkCrb1AQBRY8g8M=">AAACAXicdVDLSgNBEJyNrxhfUY9eBoPgadmVQMwt4MVjBNdEkhBmJ7PJkJnZZaZXiEvAg3/gVX/Ak3j1S7z7IU4eQiJa0FBUddPdFSaCG/C8Tye3srq2vpHfLGxt7+zuFfcPbkycasoCGotYN0NimOCKBcBBsGaiGZGhYI1weDHxG3dMGx6raxglrCNJX/GIUwJWug26Pg5xW6bdYsl3vSmw51YtKuU5qfr4xyqhOerd4le7F9NUMgVUEGNavpdAJyMaOBVsXGinhiWEDkmftSxVRDLTyaYHj/GJVXo4irUtBXiqLk5kRBozkqHtlAQG5rc3Ef/yWilE552MqyQFpuhsUZQKDDGefI97XDMKYmQJoZrbWzEdEE0o2IyWtgAf3o8Li7H8T4Izt+p6V+VSrfYwyyePjtAxOkU+qqAaukR1FCCKJHpCz+jFeXRenTfnfdaac+aZHqIlOB/fhmKX7Q==</latexit><latexit sha1_base64="/11Q/nHoXVxaPkCrb1AQBRY8g8M=">AAACAXicdVDLSgNBEJyNrxhfUY9eBoPgadmVQMwt4MVjBNdEkhBmJ7PJkJnZZaZXiEvAg3/gVX/Ak3j1S7z7IU4eQiJa0FBUddPdFSaCG/C8Tye3srq2vpHfLGxt7+zuFfcPbkycasoCGotYN0NimOCKBcBBsGaiGZGhYI1weDHxG3dMGx6raxglrCNJX/GIUwJWug26Pg5xW6bdYsl3vSmw51YtKuU5qfr4xyqhOerd4le7F9NUMgVUEGNavpdAJyMaOBVsXGinhiWEDkmftSxVRDLTyaYHj/GJVXo4irUtBXiqLk5kRBozkqHtlAQG5rc3Ef/yWilE552MqyQFpuhsUZQKDDGefI97XDMKYmQJoZrbWzEdEE0o2IyWtgAf3o8Li7H8T4Izt+p6V+VSrfYwyyePjtAxOkU+qqAaukR1FCCKJHpCz+jFeXRenTfnfdaac+aZHqIlOB/fhmKX7Q==</latexit>
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Limits - pp > tau mu

ATLAS recast

U1bµ
<latexit sha1_base64="/11Q/nHoXVxaPkCrb1AQBRY8g8M=">AAACAXicdVDLSgNBEJyNrxhfUY9eBoPgadmVQMwt4MVjBNdEkhBmJ7PJkJnZZaZXiEvAg3/gVX/Ak3j1S7z7IU4eQiJa0FBUddPdFSaCG/C8Tye3srq2vpHfLGxt7+zuFfcPbkycasoCGotYN0NimOCKBcBBsGaiGZGhYI1weDHxG3dMGx6raxglrCNJX/GIUwJWug26Pg5xW6bdYsl3vSmw51YtKuU5qfr4xyqhOerd4le7F9NUMgVUEGNavpdAJyMaOBVsXGinhiWEDkmftSxVRDLTyaYHj/GJVXo4irUtBXiqLk5kRBozkqHtlAQG5rc3Ef/yWilE552MqyQFpuhsUZQKDDGefI97XDMKYmQJoZrbWzEdEE0o2IyWtgAf3o8Li7H8T4Izt+p6V+VSrfYwyyePjtAxOkU+qqAaukR1FCCKJHpCz+jFeXRenTfnfdaac+aZHqIlOB/fhmKX7Q==</latexit><latexit sha1_base64="/11Q/nHoXVxaPkCrb1AQBRY8g8M=">AAACAXicdVDLSgNBEJyNrxhfUY9eBoPgadmVQMwt4MVjBNdEkhBmJ7PJkJnZZaZXiEvAg3/gVX/Ak3j1S7z7IU4eQiJa0FBUddPdFSaCG/C8Tye3srq2vpHfLGxt7+zuFfcPbkycasoCGotYN0NimOCKBcBBsGaiGZGhYI1weDHxG3dMGx6raxglrCNJX/GIUwJWug26Pg5xW6bdYsl3vSmw51YtKuU5qfr4xyqhOerd4le7F9NUMgVUEGNavpdAJyMaOBVsXGinhiWEDkmftSxVRDLTyaYHj/GJVXo4irUtBXiqLk5kRBozkqHtlAQG5rc3Ef/yWilE552MqyQFpuhsUZQKDDGefI97XDMKYmQJoZrbWzEdEE0o2IyWtgAf3o8Li7H8T4Izt+p6V+VSrfYwyyePjtAxOkU+qqAaukR1FCCKJHpCz+jFeXRenTfnfdaac+aZHqIlOB/fhmKX7Q==</latexit><latexit sha1_base64="/11Q/nHoXVxaPkCrb1AQBRY8g8M=">AAACAXicdVDLSgNBEJyNrxhfUY9eBoPgadmVQMwt4MVjBNdEkhBmJ7PJkJnZZaZXiEvAg3/gVX/Ak3j1S7z7IU4eQiJa0FBUddPdFSaCG/C8Tye3srq2vpHfLGxt7+zuFfcPbkycasoCGotYN0NimOCKBcBBsGaiGZGhYI1weDHxG3dMGx6raxglrCNJX/GIUwJWug26Pg5xW6bdYsl3vSmw51YtKuU5qfr4xyqhOerd4le7F9NUMgVUEGNavpdAJyMaOBVsXGinhiWEDkmftSxVRDLTyaYHj/GJVXo4irUtBXiqLk5kRBozkqHtlAQG5rc3Ef/yWilE552MqyQFpuhsUZQKDDGefI97XDMKYmQJoZrbWzEdEE0o2IyWtgAf3o8Li7H8T4Izt+p6V+VSrfYwyyePjtAxOkU+qqAaukR1FCCKJHpCz+jFeXRenTfnfdaac+aZHqIlOB/fhmKX7Q==</latexit>

Z ! ! µ
<latexit sha1_base64="nTmRyFot5Dt32NvAOABtnSYumDQ=">AAACA3icdVDLSsNAFJ34rPVVdelmsIiuQiKF2l3BjcsKxhaTUCbTaTt0JgkzN0INBVf+gVv9AVfi1g9x74c4fQit6IELh3Pu5d57olRwDY7zaS0tr6yurRc2iptb2zu7pb39G51kijKPJiJRrYhoJnjMPOAgWCtVjMhIsGY0uBj7zTumNE/iaximLJSkF/MupwSM5N+e4ABIhgOZtUtl13YmwI5dM6hWZqTm4h+rjGZotEtfQSehmWQxUEG09l0nhTAnCjgVbFQMMs1SQgekx3xDYyKZDvPJySN8bJQO7ibKVAx4os5P5ERqPZSR6ZQE+vq3Nxb/8vwMuudhzuM0AxbT6aJuJjAkePw/7nDFKIihIYQqbm7FtE8UoWBSWtgCfHA/Ks7H8j/xzuya7VxVyvX6wzSfAjpER+gUuaiK6ugSNZCHKErQE3pGL9aj9Wq9We/T1iVrlukBWoD18Q05NZjh</latexit><latexit sha1_base64="nTmRyFot5Dt32NvAOABtnSYumDQ=">AAACA3icdVDLSsNAFJ34rPVVdelmsIiuQiKF2l3BjcsKxhaTUCbTaTt0JgkzN0INBVf+gVv9AVfi1g9x74c4fQit6IELh3Pu5d57olRwDY7zaS0tr6yurRc2iptb2zu7pb39G51kijKPJiJRrYhoJnjMPOAgWCtVjMhIsGY0uBj7zTumNE/iaximLJSkF/MupwSM5N+e4ABIhgOZtUtl13YmwI5dM6hWZqTm4h+rjGZotEtfQSehmWQxUEG09l0nhTAnCjgVbFQMMs1SQgekx3xDYyKZDvPJySN8bJQO7ibKVAx4os5P5ERqPZSR6ZQE+vq3Nxb/8vwMuudhzuM0AxbT6aJuJjAkePw/7nDFKIihIYQqbm7FtE8UoWBSWtgCfHA/Ks7H8j/xzuya7VxVyvX6wzSfAjpER+gUuaiK6ugSNZCHKErQE3pGL9aj9Wq9We/T1iVrlukBWoD18Q05NZjh</latexit><latexit sha1_base64="nTmRyFot5Dt32NvAOABtnSYumDQ=">AAACA3icdVDLSsNAFJ34rPVVdelmsIiuQiKF2l3BjcsKxhaTUCbTaTt0JgkzN0INBVf+gVv9AVfi1g9x74c4fQit6IELh3Pu5d57olRwDY7zaS0tr6yurRc2iptb2zu7pb39G51kijKPJiJRrYhoJnjMPOAgWCtVjMhIsGY0uBj7zTumNE/iaximLJSkF/MupwSM5N+e4ABIhgOZtUtl13YmwI5dM6hWZqTm4h+rjGZotEtfQSehmWQxUEG09l0nhTAnCjgVbFQMMs1SQgekx3xDYyKZDvPJySN8bJQO7ibKVAx4os5P5ERqPZSR6ZQE+vq3Nxb/8vwMuudhzuM0AxbT6aJuJjAkePw/7nDFKIihIYQqbm7FtE8UoWBSWtgCfHA/Ks7H8j/xzuya7VxVyvX6wzSfAjpER+gUuaiK6ugSNZCHKErQE3pGL9aj9Wq9We/T1iVrlukBWoD18Q05NZjh</latexit>
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<latexit sha1_base64="JR2nfiSRnl2deGKArfQsEdpjbj0=">AAACBHicdVDLSsNAFJ3UV62vqks3g0VwFRIt1IKLghuXVYwtNLFMppN26OTBzI1QQ9f+gVv9AVfi1v9w74c4bSO0ogcuHM65l3M5fiK4Asv6NApLyyura8X10sbm1vZOeXfvVsWppMyhsYhl2yeKCR4xBzgI1k4kI6EvWMsfXkz81j2TisfRDYwS5oWkH/GAUwJacl2fAele32Wnp+NuuWKb1hTYMusatWpO6jb+sSooR7Nb/nJ7MU1DFgEVRKmObSXgZUQCp4KNS26qWELokPRZR9OIhEx52fTnMT7SSg8HsdQTAZ6q8xcZCZUahb7eDAkM1G9vIv7ldVIIzryMR0kKLKKzoCAVGGI8KQD3uGQUxEgTQiXXv2I6IJJQ0DUtpAAfPoxL87X8T5wTs25aV9VK4zzvp4gO0CE6RjaqoQa6RE3kIIoS9ISe0YvxaLwab8b7bLVg5Df7aAHGxzdvbpkn</latexit><latexit sha1_base64="JR2nfiSRnl2deGKArfQsEdpjbj0=">AAACBHicdVDLSsNAFJ3UV62vqks3g0VwFRIt1IKLghuXVYwtNLFMppN26OTBzI1QQ9f+gVv9AVfi1v9w74c4bSO0ogcuHM65l3M5fiK4Asv6NApLyyura8X10sbm1vZOeXfvVsWppMyhsYhl2yeKCR4xBzgI1k4kI6EvWMsfXkz81j2TisfRDYwS5oWkH/GAUwJacl2fAele32Wnp+NuuWKb1hTYMusatWpO6jb+sSooR7Nb/nJ7MU1DFgEVRKmObSXgZUQCp4KNS26qWELokPRZR9OIhEx52fTnMT7SSg8HsdQTAZ6q8xcZCZUahb7eDAkM1G9vIv7ldVIIzryMR0kKLKKzoCAVGGI8KQD3uGQUxEgTQiXXv2I6IJJQ0DUtpAAfPoxL87X8T5wTs25aV9VK4zzvp4gO0CE6RjaqoQa6RE3kIIoS9ISe0YvxaLwab8b7bLVg5Df7aAHGxzdvbpkn</latexit><latexit sha1_base64="JR2nfiSRnl2deGKArfQsEdpjbj0=">AAACBHicdVDLSsNAFJ3UV62vqks3g0VwFRIt1IKLghuXVYwtNLFMppN26OTBzI1QQ9f+gVv9AVfi1v9w74c4bSO0ogcuHM65l3M5fiK4Asv6NApLyyura8X10sbm1vZOeXfvVsWppMyhsYhl2yeKCR4xBzgI1k4kI6EvWMsfXkz81j2TisfRDYwS5oWkH/GAUwJacl2fAele32Wnp+NuuWKb1hTYMusatWpO6jb+sSooR7Nb/nJ7MU1DFgEVRKmObSXgZUQCp4KNS26qWELokPRZR9OIhEx52fTnMT7SSg8HsdQTAZ6q8xcZCZUahb7eDAkM1G9vIv7ldVIIzryMR0kKLKKzoCAVGGI8KQD3uGQUxEgTQiXXv2I6IJJQ0DUtpAAfPoxL87X8T5wTs25aV9VK4zzvp4gO0CE6RjaqoQa6RE3kIIoS9ISe0YvxaLwab8b7bLVg5Df7aAHGxzdvbpkn</latexit>
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Conclusions

¥ If a U1 leptoquark explains the anomalies, we expect further NP vectors

¥ pp > tau tau provides strongest limits on U1 in most of parameter space
- In this channel,       ~ 1 has a large impact
- Constraints on ZÕ are typically weaker than those on U1

¥ pp > tau nu is competitive with pp > tau tau only if 

¥ pp > tau mu is competitive if                and       if is small

¥ Constraints from pp > tt on coloron are very sensitive to the width

! 33
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<latexit sha1_base64="JR2nfiSRnl2deGKArfQsEdpjbj0=">AAACBHicdVDLSsNAFJ3UV62vqks3g0VwFRIt1IKLghuXVYwtNLFMppN26OTBzI1QQ9f+gVv9AVfi1v9w74c4bSO0ogcuHM65l3M5fiK4Asv6NApLyyura8X10sbm1vZOeXfvVsWppMyhsYhl2yeKCR4xBzgI1k4kI6EvWMsfXkz81j2TisfRDYwS5oWkH/GAUwJacl2fAele32Wnp+NuuWKb1hTYMusatWpO6jb+sSooR7Nb/nJ7MU1DFgEVRKmObSXgZUQCp4KNS26qWELokPRZR9OIhEx52fTnMT7SSg8HsdQTAZ6q8xcZCZUahb7eDAkM1G9vIv7ldVIIzryMR0kKLKKzoCAVGGI8KQD3uGQUxEgTQiXXv2I6IJJQ0DUtpAAfPoxL87X8T5wTs25aV9VK4zzvp4gO0CE6RjaqoQa6RE3kIIoS9ISe0YvxaLwab8b7bLVg5Df7aAHGxzdvbpkn</latexit><latexit sha1_base64="JR2nfiSRnl2deGKArfQsEdpjbj0=">AAACBHicdVDLSsNAFJ3UV62vqks3g0VwFRIt1IKLghuXVYwtNLFMppN26OTBzI1QQ9f+gVv9AVfi1v9w74c4bSO0ogcuHM65l3M5fiK4Asv6NApLyyura8X10sbm1vZOeXfvVsWppMyhsYhl2yeKCR4xBzgI1k4kI6EvWMsfXkz81j2TisfRDYwS5oWkH/GAUwJacl2fAele32Wnp+NuuWKb1hTYMusatWpO6jb+sSooR7Nb/nJ7MU1DFgEVRKmObSXgZUQCp4KNS26qWELokPRZR9OIhEx52fTnMT7SSg8HsdQTAZ6q8xcZCZUahb7eDAkM1G9vIv7ldVIIzryMR0kKLKKzoCAVGGI8KQD3uGQUxEgTQiXXv2I6IJJQ0DUtpAAfPoxL87X8T5wTs25aV9VK4zzvp4gO0CE6RjaqoQa6RE3kIIoS9ISe0YvxaLwab8b7bLVg5Df7aAHGxzdvbpkn</latexit><latexit sha1_base64="JR2nfiSRnl2deGKArfQsEdpjbj0=">AAACBHicdVDLSsNAFJ3UV62vqks3g0VwFRIt1IKLghuXVYwtNLFMppN26OTBzI1QQ9f+gVv9AVfi1v9w74c4bSO0ogcuHM65l3M5fiK4Asv6NApLyyura8X10sbm1vZOeXfvVsWppMyhsYhl2yeKCR4xBzgI1k4kI6EvWMsfXkz81j2TisfRDYwS5oWkH/GAUwJacl2fAele32Wnp+NuuWKb1hTYMusatWpO6jb+sSooR7Nb/nJ7MU1DFgEVRKmObSXgZUQCp4KNS26qWELokPRZR9OIhEx52fTnMT7SSg8HsdQTAZ6q8xcZCZUahb7eDAkM1G9vIv7ldVIIzryMR0kKLKKzoCAVGGI8KQD3uGQUxEgTQiXXv2I6IJJQ0DUtpAAfPoxL87X8T5wTs25aV9VK4zzvp4gO0CE6RjaqoQa6RE3kIIoS9ISe0YvxaLwab8b7bLVg5Df7aAHGxzdvbpkn</latexit>

! 23
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<latexit sha1_base64="F/u0ErCAzldiJRREXQ4DJsWNtt8=">AAACEnicdVDLSgMxFM34rPVVdSO4CRbB1TCthVpwUXDjwkUFxxbaccikmTY08yC5I9Rh/Av/wK3+gCtx6w+490NMH0IreiBwcs653OR4seAKLOvTWFhcWl5Zza3l1zc2t7YLO7s3KkokZTaNRCRbHlFM8JDZwEGwViwZCTzBmt7gfOQ375hUPAqvYRgzJyC9kPucEtCSW9jveAyIe3mblk8y3OmBjgbYMqtuoVgyrTH0taZRrUxJrYR/rCKaouEWvjrdiCYBC4EKolS7ZMXgpEQCp4Jl+U6iWEzogPRYW9OQBEw56fgHGT7SShf7kdQnBDxWZydSEig1DDydDAj01W9vJP7ltRPwT52Uh3ECLKSTRX4iMER4VAfucskoiKEmhEqu34ppn0hCQZc2twX44D7Lz9byP7HLZs20rirF+tm0nxw6QIfoGJVQFdXRBWogG1H0gJ7QM3oxHo1X4814n0QXjOnMHpqD8fEN4YedkA==</latexit><latexit sha1_base64="F/u0ErCAzldiJRREXQ4DJsWNtt8=">AAACEnicdVDLSgMxFM34rPVVdSO4CRbB1TCthVpwUXDjwkUFxxbaccikmTY08yC5I9Rh/Av/wK3+gCtx6w+490NMH0IreiBwcs653OR4seAKLOvTWFhcWl5Zza3l1zc2t7YLO7s3KkokZTaNRCRbHlFM8JDZwEGwViwZCTzBmt7gfOQ375hUPAqvYRgzJyC9kPucEtCSW9jveAyIe3mblk8y3OmBjgbYMqtuoVgyrTH0taZRrUxJrYR/rCKaouEWvjrdiCYBC4EKolS7ZMXgpEQCp4Jl+U6iWEzogPRYW9OQBEw56fgHGT7SShf7kdQnBDxWZydSEig1DDydDAj01W9vJP7ltRPwT52Uh3ECLKSTRX4iMER4VAfucskoiKEmhEqu34ppn0hCQZc2twX44D7Lz9byP7HLZs20rirF+tm0nxw6QIfoGJVQFdXRBWogG1H0gJ7QM3oxHo1X4814n0QXjOnMHpqD8fEN4YedkA==</latexit><latexit sha1_base64="F/u0ErCAzldiJRREXQ4DJsWNtt8=">AAACEnicdVDLSgMxFM34rPVVdSO4CRbB1TCthVpwUXDjwkUFxxbaccikmTY08yC5I9Rh/Av/wK3+gCtx6w+490NMH0IreiBwcs653OR4seAKLOvTWFhcWl5Zza3l1zc2t7YLO7s3KkokZTaNRCRbHlFM8JDZwEGwViwZCTzBmt7gfOQ375hUPAqvYRgzJyC9kPucEtCSW9jveAyIe3mblk8y3OmBjgbYMqtuoVgyrTH0taZRrUxJrYR/rCKaouEWvjrdiCYBC4EKolS7ZMXgpEQCp4Jl+U6iWEzogPRYW9OQBEw56fgHGT7SShf7kdQnBDxWZydSEig1DDydDAj01W9vJP7ltRPwT52Uh3ECLKSTRX4iMER4VAfucskoiKEmhEqu34ppn0hCQZc2twX44D7Lz9byP7HLZs20rirF+tm0nxw6QIfoGJVQFdXRBWogG1H0gJ7QM3oxHo1X4814n0QXjOnMHpqD8fEN4YedkA==</latexit>
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<latexit sha1_base64="xDsWeScVsd7V9Uof/Z06PQPxKgQ=">AAACEnicdVDLSgMxFM3UV62vUTeCm2ARXA0ztVILLgpuXLio4NhCW0smzbShmQfJHaEO9S/8A7f6A67ErT/g3g8xfQit6IHAyTnncpPjxYIrsO1PI7OwuLS8kl3Nra1vbG6Z2zs3KkokZS6NRCTrHlFM8JC5wEGweiwZCTzBal7/fOTX7phUPAqvYRCzVkC6Ifc5JaCltrnX9BiQ9uVtelwY4mYXdDTAtnXSNvOOZY+hr2WNUnFKyg7+sfJoimrb/Gp2IpoELAQqiFINx46hlRIJnAo2zDUTxWJC+6TLGpqGJGCqlY5/MMSHWulgP5L6hIDH6uxESgKlBoGnkwGBnvrtjcS/vEYC/mkr5WGcAAvpZJGfCAwRHtWBO1wyCmKgCaGS67di2iOSUNClzW0B3r8f5mZr+Z+4Bats2VfFfOVs2k8W7aMDdIQcVEIVdIGqyEUUPaAn9IxejEfj1Xgz3ifRjDGd2UVzMD6+Ad5enY4=</latexit><latexit sha1_base64="xDsWeScVsd7V9Uof/Z06PQPxKgQ=">AAACEnicdVDLSgMxFM3UV62vUTeCm2ARXA0ztVILLgpuXLio4NhCW0smzbShmQfJHaEO9S/8A7f6A67ErT/g3g8xfQit6IHAyTnncpPjxYIrsO1PI7OwuLS8kl3Nra1vbG6Z2zs3KkokZS6NRCTrHlFM8JC5wEGweiwZCTzBal7/fOTX7phUPAqvYRCzVkC6Ifc5JaCltrnX9BiQ9uVtelwY4mYXdDTAtnXSNvOOZY+hr2WNUnFKyg7+sfJoimrb/Gp2IpoELAQqiFINx46hlRIJnAo2zDUTxWJC+6TLGpqGJGCqlY5/MMSHWulgP5L6hIDH6uxESgKlBoGnkwGBnvrtjcS/vEYC/mkr5WGcAAvpZJGfCAwRHtWBO1wyCmKgCaGS67di2iOSUNClzW0B3r8f5mZr+Z+4Bats2VfFfOVs2k8W7aMDdIQcVEIVdIGqyEUUPaAn9IxejEfj1Xgz3ifRjDGd2UVzMD6+Ad5enY4=</latexit><latexit sha1_base64="xDsWeScVsd7V9Uof/Z06PQPxKgQ=">AAACEnicdVDLSgMxFM3UV62vUTeCm2ARXA0ztVILLgpuXLio4NhCW0smzbShmQfJHaEO9S/8A7f6A67ErT/g3g8xfQit6IHAyTnncpPjxYIrsO1PI7OwuLS8kl3Nra1vbG6Z2zs3KkokZS6NRCTrHlFM8JC5wEGweiwZCTzBal7/fOTX7phUPAqvYRCzVkC6Ifc5JaCltrnX9BiQ9uVtelwY4mYXdDTAtnXSNvOOZY+hr2WNUnFKyg7+sfJoimrb/Gp2IpoELAQqiFINx46hlRIJnAo2zDUTxWJC+6TLGpqGJGCqlY5/MMSHWulgP5L6hIDH6uxESgKlBoGnkwGBnvrtjcS/vEYC/mkr5WGcAAvpZJGfCAwRHtWBO1wyCmKgCaGS67di2iOSUNClzW0B3r8f5mZr+Z+4Bats2VfFfOVs2k8W7aMDdIQcVEIVdIGqyEUUPaAn9IxejEfj1Xgz3ifRjDGd2UVzMD6+Ad5enY4=</latexit>
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<latexit sha1_base64="JR2nfiSRnl2deGKArfQsEdpjbj0=">AAACBHicdVDLSsNAFJ3UV62vqks3g0VwFRIt1IKLghuXVYwtNLFMppN26OTBzI1QQ9f+gVv9AVfi1v9w74c4bSO0ogcuHM65l3M5fiK4Asv6NApLyyura8X10sbm1vZOeXfvVsWppMyhsYhl2yeKCR4xBzgI1k4kI6EvWMsfXkz81j2TisfRDYwS5oWkH/GAUwJacl2fAele32Wnp+NuuWKb1hTYMusatWpO6jb+sSooR7Nb/nJ7MU1DFgEVRKmObSXgZUQCp4KNS26qWELokPRZR9OIhEx52fTnMT7SSg8HsdQTAZ6q8xcZCZUahb7eDAkM1G9vIv7ldVIIzryMR0kKLKKzoCAVGGI8KQD3uGQUxEgTQiXXv2I6IJJQ0DUtpAAfPoxL87X8T5wTs25aV9VK4zzvp4gO0CE6RjaqoQa6RE3kIIoS9ISe0YvxaLwab8b7bLVg5Df7aAHGxzdvbpkn</latexit><latexit sha1_base64="JR2nfiSRnl2deGKArfQsEdpjbj0=">AAACBHicdVDLSsNAFJ3UV62vqks3g0VwFRIt1IKLghuXVYwtNLFMppN26OTBzI1QQ9f+gVv9AVfi1v9w74c4bSO0ogcuHM65l3M5fiK4Asv6NApLyyura8X10sbm1vZOeXfvVsWppMyhsYhl2yeKCR4xBzgI1k4kI6EvWMsfXkz81j2TisfRDYwS5oWkH/GAUwJacl2fAele32Wnp+NuuWKb1hTYMusatWpO6jb+sSooR7Nb/nJ7MU1DFgEVRKmObSXgZUQCp4KNS26qWELokPRZR9OIhEx52fTnMT7SSg8HsdQTAZ6q8xcZCZUahb7eDAkM1G9vIv7ldVIIzryMR0kKLKKzoCAVGGI8KQD3uGQUxEgTQiXXv2I6IJJQ0DUtpAAfPoxL87X8T5wTs25aV9VK4zzvp4gO0CE6RjaqoQa6RE3kIIoS9ISe0YvxaLwab8b7bLVg5Df7aAHGxzdvbpkn</latexit><latexit sha1_base64="JR2nfiSRnl2deGKArfQsEdpjbj0=">AAACBHicdVDLSsNAFJ3UV62vqks3g0VwFRIt1IKLghuXVYwtNLFMppN26OTBzI1QQ9f+gVv9AVfi1v9w74c4bSO0ogcuHM65l3M5fiK4Asv6NApLyyura8X10sbm1vZOeXfvVsWppMyhsYhl2yeKCR4xBzgI1k4kI6EvWMsfXkz81j2TisfRDYwS5oWkH/GAUwJacl2fAele32Wnp+NuuWKb1hTYMusatWpO6jb+sSooR7Nb/nJ7MU1DFgEVRKmObSXgZUQCp4KNS26qWELokPRZR9OIhEx52fTnMT7SSg8HsdQTAZ6q8xcZCZUahb7eDAkM1G9vIv7ldVIIzryMR0kKLKKzoCAVGGI8KQD3uGQUxEgTQiXXv2I6IJJQ0DUtpAAfPoxL87X8T5wTs25aV9VK4zzvp4gO0CE6RjaqoQa6RE3kIIoS9ISe0YvxaLwab8b7bLVg5Df7aAHGxzdvbpkn</latexit>
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Conclusions

¥ If a U1 leptoquark explains the anomalies, we expect further NP vectors

¥ pp > tau tau provides strongest limits on U1 in most of parameter space
- In this channel,       ~ 1 has a large impact
- Constraints on ZÕ are typically weaker than those on U1

¥ pp > tau nu is competitive with pp > tau tau only if 

¥ pp > tau mu is competitive if                and       if is small

¥ Constraints from pp > tt on coloron are very sensitive to the width

¥ In a given UV models, constraints on new vectors can dominate

! 33
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<latexit sha1_base64="JR2nfiSRnl2deGKArfQsEdpjbj0=">AAACBHicdVDLSsNAFJ3UV62vqks3g0VwFRIt1IKLghuXVYwtNLFMppN26OTBzI1QQ9f+gVv9AVfi1v9w74c4bSO0ogcuHM65l3M5fiK4Asv6NApLyyura8X10sbm1vZOeXfvVsWppMyhsYhl2yeKCR4xBzgI1k4kI6EvWMsfXkz81j2TisfRDYwS5oWkH/GAUwJacl2fAele32Wnp+NuuWKb1hTYMusatWpO6jb+sSooR7Nb/nJ7MU1DFgEVRKmObSXgZUQCp4KNS26qWELokPRZR9OIhEx52fTnMT7SSg8HsdQTAZ6q8xcZCZUahb7eDAkM1G9vIv7ldVIIzryMR0kKLKKzoCAVGGI8KQD3uGQUxEgTQiXXv2I6IJJQ0DUtpAAfPoxL87X8T5wTs25aV9VK4zzvp4gO0CE6RjaqoQa6RE3kIIoS9ISe0YvxaLwab8b7bLVg5Df7aAHGxzdvbpkn</latexit><latexit sha1_base64="JR2nfiSRnl2deGKArfQsEdpjbj0=">AAACBHicdVDLSsNAFJ3UV62vqks3g0VwFRIt1IKLghuXVYwtNLFMppN26OTBzI1QQ9f+gVv9AVfi1v9w74c4bSO0ogcuHM65l3M5fiK4Asv6NApLyyura8X10sbm1vZOeXfvVsWppMyhsYhl2yeKCR4xBzgI1k4kI6EvWMsfXkz81j2TisfRDYwS5oWkH/GAUwJacl2fAele32Wnp+NuuWKb1hTYMusatWpO6jb+sSooR7Nb/nJ7MU1DFgEVRKmObSXgZUQCp4KNS26qWELokPRZR9OIhEx52fTnMT7SSg8HsdQTAZ6q8xcZCZUahb7eDAkM1G9vIv7ldVIIzryMR0kKLKKzoCAVGGI8KQD3uGQUxEgTQiXXv2I6IJJQ0DUtpAAfPoxL87X8T5wTs25aV9VK4zzvp4gO0CE6RjaqoQa6RE3kIIoS9ISe0YvxaLwab8b7bLVg5Df7aAHGxzdvbpkn</latexit><latexit sha1_base64="JR2nfiSRnl2deGKArfQsEdpjbj0=">AAACBHicdVDLSsNAFJ3UV62vqks3g0VwFRIt1IKLghuXVYwtNLFMppN26OTBzI1QQ9f+gVv9AVfi1v9w74c4bSO0ogcuHM65l3M5fiK4Asv6NApLyyura8X10sbm1vZOeXfvVsWppMyhsYhl2yeKCR4xBzgI1k4kI6EvWMsfXkz81j2TisfRDYwS5oWkH/GAUwJacl2fAele32Wnp+NuuWKb1hTYMusatWpO6jb+sSooR7Nb/nJ7MU1DFgEVRKmObSXgZUQCp4KNS26qWELokPRZR9OIhEx52fTnMT7SSg8HsdQTAZ6q8xcZCZUahb7eDAkM1G9vIv7ldVIIzryMR0kKLKKzoCAVGGI8KQD3uGQUxEgTQiXXv2I6IJJQ0DUtpAAfPoxL87X8T5wTs25aV9VK4zzvp4gO0CE6RjaqoQa6RE3kIIoS9ISe0YvxaLwab8b7bLVg5Df7aAHGxzdvbpkn</latexit>
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<latexit sha1_base64="F/u0ErCAzldiJRREXQ4DJsWNtt8=">AAACEnicdVDLSgMxFM34rPVVdSO4CRbB1TCthVpwUXDjwkUFxxbaccikmTY08yC5I9Rh/Av/wK3+gCtx6w+490NMH0IreiBwcs653OR4seAKLOvTWFhcWl5Zza3l1zc2t7YLO7s3KkokZTaNRCRbHlFM8JDZwEGwViwZCTzBmt7gfOQ375hUPAqvYRgzJyC9kPucEtCSW9jveAyIe3mblk8y3OmBjgbYMqtuoVgyrTH0taZRrUxJrYR/rCKaouEWvjrdiCYBC4EKolS7ZMXgpEQCp4Jl+U6iWEzogPRYW9OQBEw56fgHGT7SShf7kdQnBDxWZydSEig1DDydDAj01W9vJP7ltRPwT52Uh3ECLKSTRX4iMER4VAfucskoiKEmhEqu34ppn0hCQZc2twX44D7Lz9byP7HLZs20rirF+tm0nxw6QIfoGJVQFdXRBWogG1H0gJ7QM3oxHo1X4814n0QXjOnMHpqD8fEN4YedkA==</latexit><latexit sha1_base64="F/u0ErCAzldiJRREXQ4DJsWNtt8=">AAACEnicdVDLSgMxFM34rPVVdSO4CRbB1TCthVpwUXDjwkUFxxbaccikmTY08yC5I9Rh/Av/wK3+gCtx6w+490NMH0IreiBwcs653OR4seAKLOvTWFhcWl5Zza3l1zc2t7YLO7s3KkokZTaNRCRbHlFM8JDZwEGwViwZCTzBmt7gfOQ375hUPAqvYRgzJyC9kPucEtCSW9jveAyIe3mblk8y3OmBjgbYMqtuoVgyrTH0taZRrUxJrYR/rCKaouEWvjrdiCYBC4EKolS7ZMXgpEQCp4Jl+U6iWEzogPRYW9OQBEw56fgHGT7SShf7kdQnBDxWZydSEig1DDydDAj01W9vJP7ltRPwT52Uh3ECLKSTRX4iMER4VAfucskoiKEmhEqu34ppn0hCQZc2twX44D7Lz9byP7HLZs20rirF+tm0nxw6QIfoGJVQFdXRBWogG1H0gJ7QM3oxHo1X4814n0QXjOnMHpqD8fEN4YedkA==</latexit><latexit sha1_base64="F/u0ErCAzldiJRREXQ4DJsWNtt8=">AAACEnicdVDLSgMxFM34rPVVdSO4CRbB1TCthVpwUXDjwkUFxxbaccikmTY08yC5I9Rh/Av/wK3+gCtx6w+490NMH0IreiBwcs653OR4seAKLOvTWFhcWl5Zza3l1zc2t7YLO7s3KkokZTaNRCRbHlFM8JDZwEGwViwZCTzBmt7gfOQ375hUPAqvYRgzJyC9kPucEtCSW9jveAyIe3mblk8y3OmBjgbYMqtuoVgyrTH0taZRrUxJrYR/rCKaouEWvjrdiCYBC4EKolS7ZMXgpEQCp4Jl+U6iWEzogPRYW9OQBEw56fgHGT7SShf7kdQnBDxWZydSEig1DDydDAj01W9vJP7ltRPwT52Uh3ECLKSTRX4iMER4VAfucskoiKEmhEqu34ppn0hCQZc2twX44D7Lz9byP7HLZs20rirF+tm0nxw6QIfoGJVQFdXRBWogG1H0gJ7QM3oxHo1X4814n0QXjOnMHpqD8fEN4YedkA==</latexit>

! 32
L ! 0.5

<latexit sha1_base64="xDsWeScVsd7V9Uof/Z06PQPxKgQ=">AAACEnicdVDLSgMxFM3UV62vUTeCm2ARXA0ztVILLgpuXLio4NhCW0smzbShmQfJHaEO9S/8A7f6A67ErT/g3g8xfQit6IHAyTnncpPjxYIrsO1PI7OwuLS8kl3Nra1vbG6Z2zs3KkokZS6NRCTrHlFM8JC5wEGweiwZCTzBal7/fOTX7phUPAqvYRCzVkC6Ifc5JaCltrnX9BiQ9uVtelwY4mYXdDTAtnXSNvOOZY+hr2WNUnFKyg7+sfJoimrb/Gp2IpoELAQqiFINx46hlRIJnAo2zDUTxWJC+6TLGpqGJGCqlY5/MMSHWulgP5L6hIDH6uxESgKlBoGnkwGBnvrtjcS/vEYC/mkr5WGcAAvpZJGfCAwRHtWBO1wyCmKgCaGS67di2iOSUNClzW0B3r8f5mZr+Z+4Bats2VfFfOVs2k8W7aMDdIQcVEIVdIGqyEUUPaAn9IxejEfj1Xgz3ifRjDGd2UVzMD6+Ad5enY4=</latexit><latexit sha1_base64="xDsWeScVsd7V9Uof/Z06PQPxKgQ=">AAACEnicdVDLSgMxFM3UV62vUTeCm2ARXA0ztVILLgpuXLio4NhCW0smzbShmQfJHaEO9S/8A7f6A67ErT/g3g8xfQit6IHAyTnncpPjxYIrsO1PI7OwuLS8kl3Nra1vbG6Z2zs3KkokZS6NRCTrHlFM8JC5wEGweiwZCTzBal7/fOTX7phUPAqvYRCzVkC6Ifc5JaCltrnX9BiQ9uVtelwY4mYXdDTAtnXSNvOOZY+hr2WNUnFKyg7+sfJoimrb/Gp2IpoELAQqiFINx46hlRIJnAo2zDUTxWJC+6TLGpqGJGCqlY5/MMSHWulgP5L6hIDH6uxESgKlBoGnkwGBnvrtjcS/vEYC/mkr5WGcAAvpZJGfCAwRHtWBO1wyCmKgCaGS67di2iOSUNClzW0B3r8f5mZr+Z+4Bats2VfFfOVs2k8W7aMDdIQcVEIVdIGqyEUUPaAn9IxejEfj1Xgz3ifRjDGd2UVzMD6+Ad5enY4=</latexit><latexit sha1_base64="xDsWeScVsd7V9Uof/Z06PQPxKgQ=">AAACEnicdVDLSgMxFM3UV62vUTeCm2ARXA0ztVILLgpuXLio4NhCW0smzbShmQfJHaEO9S/8A7f6A67ErT/g3g8xfQit6IHAyTnncpPjxYIrsO1PI7OwuLS8kl3Nra1vbG6Z2zs3KkokZS6NRCTrHlFM8JC5wEGweiwZCTzBal7/fOTX7phUPAqvYRCzVkC6Ifc5JaCltrnX9BiQ9uVtelwY4mYXdDTAtnXSNvOOZY+hr2WNUnFKyg7+sfJoimrb/Gp2IpoELAQqiFINx46hlRIJnAo2zDUTxWJC+6TLGpqGJGCqlY5/MMSHWulgP5L6hIDH6uxESgKlBoGnkwGBnvrtjcS/vEYC/mkr5WGcAAvpZJGfCAwRHtWBO1wyCmKgCaGS67di2iOSUNClzW0B3r8f5mZr+Z+4Bats2VfFfOVs2k8W7aMDdIQcVEIVdIGqyEUUPaAn9IxejEfj1Xgz3ifRjDGd2UVzMD6+Ad5enY4=</latexit>

! 33
R

<latexit sha1_base64="JR2nfiSRnl2deGKArfQsEdpjbj0=">AAACBHicdVDLSsNAFJ3UV62vqks3g0VwFRIt1IKLghuXVYwtNLFMppN26OTBzI1QQ9f+gVv9AVfi1v9w74c4bSO0ogcuHM65l3M5fiK4Asv6NApLyyura8X10sbm1vZOeXfvVsWppMyhsYhl2yeKCR4xBzgI1k4kI6EvWMsfXkz81j2TisfRDYwS5oWkH/GAUwJacl2fAele32Wnp+NuuWKb1hTYMusatWpO6jb+sSooR7Nb/nJ7MU1DFgEVRKmObSXgZUQCp4KNS26qWELokPRZR9OIhEx52fTnMT7SSg8HsdQTAZ6q8xcZCZUahb7eDAkM1G9vIv7ldVIIzryMR0kKLKKzoCAVGGI8KQD3uGQUxEgTQiXXv2I6IJJQ0DUtpAAfPoxL87X8T5wTs25aV9VK4zzvp4gO0CE6RjaqoQa6RE3kIIoS9ISe0YvxaLwab8b7bLVg5Df7aAHGxzdvbpkn</latexit><latexit sha1_base64="JR2nfiSRnl2deGKArfQsEdpjbj0=">AAACBHicdVDLSsNAFJ3UV62vqks3g0VwFRIt1IKLghuXVYwtNLFMppN26OTBzI1QQ9f+gVv9AVfi1v9w74c4bSO0ogcuHM65l3M5fiK4Asv6NApLyyura8X10sbm1vZOeXfvVsWppMyhsYhl2yeKCR4xBzgI1k4kI6EvWMsfXkz81j2TisfRDYwS5oWkH/GAUwJacl2fAele32Wnp+NuuWKb1hTYMusatWpO6jb+sSooR7Nb/nJ7MU1DFgEVRKmObSXgZUQCp4KNS26qWELokPRZR9OIhEx52fTnMT7SSg8HsdQTAZ6q8xcZCZUahb7eDAkM1G9vIv7ldVIIzryMR0kKLKKzoCAVGGI8KQD3uGQUxEgTQiXXv2I6IJJQ0DUtpAAfPoxL87X8T5wTs25aV9VK4zzvp4gO0CE6RjaqoQa6RE3kIIoS9ISe0YvxaLwab8b7bLVg5Df7aAHGxzdvbpkn</latexit><latexit sha1_base64="JR2nfiSRnl2deGKArfQsEdpjbj0=">AAACBHicdVDLSsNAFJ3UV62vqks3g0VwFRIt1IKLghuXVYwtNLFMppN26OTBzI1QQ9f+gVv9AVfi1v9w74c4bSO0ogcuHM65l3M5fiK4Asv6NApLyyura8X10sbm1vZOeXfvVsWppMyhsYhl2yeKCR4xBzgI1k4kI6EvWMsfXkz81j2TisfRDYwS5oWkH/GAUwJacl2fAele32Wnp+NuuWKb1hTYMusatWpO6jb+sSooR7Nb/nJ7MU1DFgEVRKmObSXgZUQCp4KNS26qWELokPRZR9OIhEx52fTnMT7SSg8HsdQTAZ6q8xcZCZUahb7eDAkM1G9vIv7ldVIIzryMR0kKLKKzoCAVGGI8KQD3uGQUxEgTQiXXv2I6IJJQ0DUtpAAfPoxL87X8T5wTs25aV9VK4zzvp4gO0CE6RjaqoQa6RE3kIIoS9ISe0YvxaLwab8b7bLVg5Df7aAHGxzdvbpkn</latexit>
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Complementarity with Low Energy - pp > tau nu

J. Aebischer, W. Altmannshofer, D. Guadagnoli, M. Reboud, P. Stangl, D. Straub

1903.10434

! ! "##
<latexit sha1_base64="Q61pTz6V3vOP3Z4/Gq3xyhgESRs=">AAACDXicdVDLSgMxFM3UV62v0S7dBIvgaphKoRZcFNy4rODYQqeUTJppQzOZIbkRauk/+Adu9QdciVu/wb0fYvoQWtFDAodz7uXee6JMcA2+/+nk1tY3Nrfy24Wd3b39A/fw6E6nRlEW0FSkqhURzQSXLAAOgrUyxUgSCdaMhldTv3nPlOapvIVRxjoJ6Usec0rASl23GAIxOIQUh0yIUBr7um6p7PkzYN+rWVQrC1Ir4x+rhBZodN2vsJdSkzAJVBCt22U/g86YKOBUsEkhNJplhA5Jn7UtlSRhujOeLT/Bp1bp4ThV9kvAM3W5Y0wSrUdJZCsTAgP925uKf3ltA/FFZ8xlZoBJOh8UG4HtrdMkcI8rRkGMLCFUcbsrpgOiCAWb18oU4MOHSWE5lv9JcO7VPP+mUqpfLvLJo2N0gs5QGVVRHV2jBgoQRSP0hJ7Ri/PovDpvzvu8NOcseopoBc7HN5GRnHU=</latexit><latexit sha1_base64="Q61pTz6V3vOP3Z4/Gq3xyhgESRs=">AAACDXicdVDLSgMxFM3UV62v0S7dBIvgaphKoRZcFNy4rODYQqeUTJppQzOZIbkRauk/+Adu9QdciVu/wb0fYvoQWtFDAodz7uXee6JMcA2+/+nk1tY3Nrfy24Wd3b39A/fw6E6nRlEW0FSkqhURzQSXLAAOgrUyxUgSCdaMhldTv3nPlOapvIVRxjoJ6Usec0rASl23GAIxOIQUh0yIUBr7um6p7PkzYN+rWVQrC1Ir4x+rhBZodN2vsJdSkzAJVBCt22U/g86YKOBUsEkhNJplhA5Jn7UtlSRhujOeLT/Bp1bp4ThV9kvAM3W5Y0wSrUdJZCsTAgP925uKf3ltA/FFZ8xlZoBJOh8UG4HtrdMkcI8rRkGMLCFUcbsrpgOiCAWb18oU4MOHSWE5lv9JcO7VPP+mUqpfLvLJo2N0gs5QGVVRHV2jBgoQRSP0hJ7Ri/PovDpvzvu8NOcseopoBc7HN5GRnHU=</latexit><latexit sha1_base64="Q61pTz6V3vOP3Z4/Gq3xyhgESRs=">AAACDXicdVDLSgMxFM3UV62v0S7dBIvgaphKoRZcFNy4rODYQqeUTJppQzOZIbkRauk/+Adu9QdciVu/wb0fYvoQWtFDAodz7uXee6JMcA2+/+nk1tY3Nrfy24Wd3b39A/fw6E6nRlEW0FSkqhURzQSXLAAOgrUyxUgSCdaMhldTv3nPlOapvIVRxjoJ6Usec0rASl23GAIxOIQUh0yIUBr7um6p7PkzYN+rWVQrC1Ir4x+rhBZodN2vsJdSkzAJVBCt22U/g86YKOBUsEkhNJplhA5Jn7UtlSRhujOeLT/Bp1bp4ThV9kvAM3W5Y0wSrUdJZCsTAgP925uKf3ltA/FFZ8xlZoBJOh8UG4HtrdMkcI8rRkGMLCFUcbsrpgOiCAWb18oU4MOHSWE5lv9JcO7VPP+mUqpfLvLJo2N0gs5QGVVRHV2jBgoQRSP0hJ7Ri/PovDpvzvu8NOcseopoBc7HN5GRnHU=</latexit> stronger when ! 33

R = 0
<latexit sha1_base64="YW0H/aolP4hELd5nVB2oX3cL2QI=">AAACCnicdVDLSsNAFJ3UV62vqEs3g0VwVVIt1IJCwY3LKsYW2lgm00k7dPJg5qZQQz7BP3CrP+BK3PoT7v0Qp22EVvTAhcM593Iux40EV2BZn0ZuaXlldS2/XtjY3NreMXf37lQYS8psGopQtlyimOABs4GDYK1IMuK7gjXd4eXEb46YVDwMbmEcMccn/YB7nBLQUtc0Oy4D0r25T05PU3yBra5ZLJesKbBVqmlUKxmplfGPVUQZGl3zq9MLaeyzAKggSrXLVgROQiRwKlha6MSKRYQOSZ+1NQ2Iz5STTD9P8ZFWetgLpZ4A8FSdv0iIr9TYd/WmT2CgfnsT8S+vHYN35iQ8iGJgAZ0FebHAEOJJDbjHJaMgxpoQKrn+FdMBkYSCLmshBfjwIS3M1/I/sU9KtZJ1XSnWz7N+8ugAHaJjVEZVVEdXqIFsRNEIPaFn9GI8Gq/Gm/E+W80Z2c0+WoDx8Q2h5pot</latexit><latexit sha1_base64="YW0H/aolP4hELd5nVB2oX3cL2QI=">AAACCnicdVDLSsNAFJ3UV62vqEs3g0VwVVIt1IJCwY3LKsYW2lgm00k7dPJg5qZQQz7BP3CrP+BK3PoT7v0Qp22EVvTAhcM593Iux40EV2BZn0ZuaXlldS2/XtjY3NreMXf37lQYS8psGopQtlyimOABs4GDYK1IMuK7gjXd4eXEb46YVDwMbmEcMccn/YB7nBLQUtc0Oy4D0r25T05PU3yBra5ZLJesKbBVqmlUKxmplfGPVUQZGl3zq9MLaeyzAKggSrXLVgROQiRwKlha6MSKRYQOSZ+1NQ2Iz5STTD9P8ZFWetgLpZ4A8FSdv0iIr9TYd/WmT2CgfnsT8S+vHYN35iQ8iGJgAZ0FebHAEOJJDbjHJaMgxpoQKrn+FdMBkYSCLmshBfjwIS3M1/I/sU9KtZJ1XSnWz7N+8ugAHaJjVEZVVEdXqIFsRNEIPaFn9GI8Gq/Gm/E+W80Z2c0+WoDx8Q2h5pot</latexit><latexit sha1_base64="YW0H/aolP4hELd5nVB2oX3cL2QI=">AAACCnicdVDLSsNAFJ3UV62vqEs3g0VwVVIt1IJCwY3LKsYW2lgm00k7dPJg5qZQQz7BP3CrP+BK3PoT7v0Qp22EVvTAhcM593Iux40EV2BZn0ZuaXlldS2/XtjY3NreMXf37lQYS8psGopQtlyimOABs4GDYK1IMuK7gjXd4eXEb46YVDwMbmEcMccn/YB7nBLQUtc0Oy4D0r25T05PU3yBra5ZLJesKbBVqmlUKxmplfGPVUQZGl3zq9MLaeyzAKggSrXLVgROQiRwKlha6MSKRYQOSZ+1NQ2Iz5STTD9P8ZFWetgLpZ4A8FSdv0iIr9TYd/WmT2CgfnsT8S+vHYN35iQ8iGJgAZ0FebHAEOJJDbjHJaMgxpoQKrn+FdMBkYSCLmshBfjwIS3M1/I/sU9KtZJ1XSnWz7N+8ugAHaJjVEZVVEdXqIFsRNEIPaFn9GI8Gq/Gm/E+W80Z2c0+WoDx8Q2h5pot</latexit>

U1c! !
<latexit sha1_base64="LRrxNKeZjjRvFVsGWoCgVXTVK8Y=">AAACBnicdZDNSsNAFIUn9a/Wv6pLN4NFcFUSKdTuCm5cVjC20MQwmU7aoZNJmLkRaii49Q3c6gu4Ere+hnsfxOmP0IoeGDicc4d7+cJUcA22/WkVVlbX1jeKm6Wt7Z3dvfL+wY1OMkWZSxORqE5INBNcMhc4CNZJFSNxKFg7HF5M+vYdU5on8hpGKfNj0pc84pSAiW7dwMEUezILPCBZUK44VXsqbFcbRvXa3DQc/FNV0FytoPzl9RKaxUwCFUTrrmOn4OdEAaeCjUtepllK6JD0WddYSWKm/Xx69RifmKSHo0SZJwFP08UfOYm1HsWhmYwJDPTvbhL+1XUziM79nMs0AybpbFGUCQwJniDAPa4YBTEyhlDFza2YDogiFAyopS3Ah/fj0iKW/417Vm1U7atapdl8mPEpoiN0jE6Rg+qoiS5RC7mIIoWe0DN6sR6tV+vNep+NFqw500O0JOvjG4afmiY=</latexit><latexit sha1_base64="LRrxNKeZjjRvFVsGWoCgVXTVK8Y=">AAACBnicdZDNSsNAFIUn9a/Wv6pLN4NFcFUSKdTuCm5cVjC20MQwmU7aoZNJmLkRaii49Q3c6gu4Ere+hnsfxOmP0IoeGDicc4d7+cJUcA22/WkVVlbX1jeKm6Wt7Z3dvfL+wY1OMkWZSxORqE5INBNcMhc4CNZJFSNxKFg7HF5M+vYdU5on8hpGKfNj0pc84pSAiW7dwMEUezILPCBZUK44VXsqbFcbRvXa3DQc/FNV0FytoPzl9RKaxUwCFUTrrmOn4OdEAaeCjUtepllK6JD0WddYSWKm/Xx69RifmKSHo0SZJwFP08UfOYm1HsWhmYwJDPTvbhL+1XUziM79nMs0AybpbFGUCQwJniDAPa4YBTEyhlDFza2YDogiFAyopS3Ah/fj0iKW/417Vm1U7atapdl8mPEpoiN0jE6Rg+qoiS5RC7mIIoWe0DN6sR6tV+vNep+NFqw500O0JOvjG4afmiY=</latexit><latexit sha1_base64="LRrxNKeZjjRvFVsGWoCgVXTVK8Y=">AAACBnicdZDNSsNAFIUn9a/Wv6pLN4NFcFUSKdTuCm5cVjC20MQwmU7aoZNJmLkRaii49Q3c6gu4Ere+hnsfxOmP0IoeGDicc4d7+cJUcA22/WkVVlbX1jeKm6Wt7Z3dvfL+wY1OMkWZSxORqE5INBNcMhc4CNZJFSNxKFg7HF5M+vYdU5on8hpGKfNj0pc84pSAiW7dwMEUezILPCBZUK44VXsqbFcbRvXa3DQc/FNV0FytoPzl9RKaxUwCFUTrrmOn4OdEAaeCjUtepllK6JD0WddYSWKm/Xx69RifmKSHo0SZJwFP08UfOYm1HsWhmYwJDPTvbhL+1XUziM79nMs0AybpbFGUCQwJniDAPa4YBTEyhlDFza2YDogiFAyopS3Ah/fj0iKW/417Vm1U7atapdl8mPEpoiN0jE6Rg+qoiS5RC7mIIoWe0DN6sR6tV+vNep+NFqw500O0JOvjG4afmiY=</latexit>
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Complementarity with Low Energy - pp > tau mu

U1bµ
<latexit sha1_base64="/11Q/nHoXVxaPkCrb1AQBRY8g8M=">AAACAXicdVDLSgNBEJyNrxhfUY9eBoPgadmVQMwt4MVjBNdEkhBmJ7PJkJnZZaZXiEvAg3/gVX/Ak3j1S7z7IU4eQiJa0FBUddPdFSaCG/C8Tye3srq2vpHfLGxt7+zuFfcPbkycasoCGotYN0NimOCKBcBBsGaiGZGhYI1weDHxG3dMGx6raxglrCNJX/GIUwJWug26Pg5xW6bdYsl3vSmw51YtKuU5qfr4xyqhOerd4le7F9NUMgVUEGNavpdAJyMaOBVsXGinhiWEDkmftSxVRDLTyaYHj/GJVXo4irUtBXiqLk5kRBozkqHtlAQG5rc3Ef/yWilE552MqyQFpuhsUZQKDDGefI97XDMKYmQJoZrbWzEdEE0o2IyWtgAf3o8Li7H8T4Izt+p6V+VSrfYwyyePjtAxOkU+qqAaukR1FCCKJHpCz+jFeXRenTfnfdaac+aZHqIlOB/fhmKX7Q==</latexit><latexit sha1_base64="/11Q/nHoXVxaPkCrb1AQBRY8g8M=">AAACAXicdVDLSgNBEJyNrxhfUY9eBoPgadmVQMwt4MVjBNdEkhBmJ7PJkJnZZaZXiEvAg3/gVX/Ak3j1S7z7IU4eQiJa0FBUddPdFSaCG/C8Tye3srq2vpHfLGxt7+zuFfcPbkycasoCGotYN0NimOCKBcBBsGaiGZGhYI1weDHxG3dMGx6raxglrCNJX/GIUwJWug26Pg5xW6bdYsl3vSmw51YtKuU5qfr4xyqhOerd4le7F9NUMgVUEGNavpdAJyMaOBVsXGinhiWEDkmftSxVRDLTyaYHj/GJVXo4irUtBXiqLk5kRBozkqHtlAQG5rc3Ef/yWilE552MqyQFpuhsUZQKDDGefI97XDMKYmQJoZrbWzEdEE0o2IyWtgAf3o8Li7H8T4Izt+p6V+VSrfYwyyePjtAxOkU+qqAaukR1FCCKJHpCz+jFeXRenTfnfdaac+aZHqIlOB/fhmKX7Q==</latexit><latexit sha1_base64="/11Q/nHoXVxaPkCrb1AQBRY8g8M=">AAACAXicdVDLSgNBEJyNrxhfUY9eBoPgadmVQMwt4MVjBNdEkhBmJ7PJkJnZZaZXiEvAg3/gVX/Ak3j1S7z7IU4eQiJa0FBUddPdFSaCG/C8Tye3srq2vpHfLGxt7+zuFfcPbkycasoCGotYN0NimOCKBcBBsGaiGZGhYI1weDHxG3dMGx6raxglrCNJX/GIUwJWug26Pg5xW6bdYsl3vSmw51YtKuU5qfr4xyqhOerd4le7F9NUMgVUEGNavpdAJyMaOBVsXGinhiWEDkmftSxVRDLTyaYHj/GJVXo4irUtBXiqLk5kRBozkqHtlAQG5rc3Ef/yWilE552MqyQFpuhsUZQKDDGefI97XDMKYmQJoZrbWzEdEE0o2IyWtgAf3o8Li7H8T4Izt+p6V+VSrfYwyyePjtAxOkU+qqAaukR1FCCKJHpCz+jFeXRenTfnfdaac+aZHqIlOB/fhmKX7Q==</latexit>

Compare to low energy constraints

Also see A. GreljoÕs talk for D-meson decays 
vs pp > tau nu
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Complementarity with Low Energy - pp > tau mu

U1bµ
<latexit sha1_base64="/11Q/nHoXVxaPkCrb1AQBRY8g8M=">AAACAXicdVDLSgNBEJyNrxhfUY9eBoPgadmVQMwt4MVjBNdEkhBmJ7PJkJnZZaZXiEvAg3/gVX/Ak3j1S7z7IU4eQiJa0FBUddPdFSaCG/C8Tye3srq2vpHfLGxt7+zuFfcPbkycasoCGotYN0NimOCKBcBBsGaiGZGhYI1weDHxG3dMGx6raxglrCNJX/GIUwJWug26Pg5xW6bdYsl3vSmw51YtKuU5qfr4xyqhOerd4le7F9NUMgVUEGNavpdAJyMaOBVsXGinhiWEDkmftSxVRDLTyaYHj/GJVXo4irUtBXiqLk5kRBozkqHtlAQG5rc3Ef/yWilE552MqyQFpuhsUZQKDDGefI97XDMKYmQJoZrbWzEdEE0o2IyWtgAf3o8Li7H8T4Izt+p6V+VSrfYwyyePjtAxOkU+qqAaukR1FCCKJHpCz+jFeXRenTfnfdaac+aZHqIlOB/fhmKX7Q==</latexit><latexit sha1_base64="/11Q/nHoXVxaPkCrb1AQBRY8g8M=">AAACAXicdVDLSgNBEJyNrxhfUY9eBoPgadmVQMwt4MVjBNdEkhBmJ7PJkJnZZaZXiEvAg3/gVX/Ak3j1S7z7IU4eQiJa0FBUddPdFSaCG/C8Tye3srq2vpHfLGxt7+zuFfcPbkycasoCGotYN0NimOCKBcBBsGaiGZGhYI1weDHxG3dMGx6raxglrCNJX/GIUwJWug26Pg5xW6bdYsl3vSmw51YtKuU5qfr4xyqhOerd4le7F9NUMgVUEGNavpdAJyMaOBVsXGinhiWEDkmftSxVRDLTyaYHj/GJVXo4irUtBXiqLk5kRBozkqHtlAQG5rc3Ef/yWilE552MqyQFpuhsUZQKDDGefI97XDMKYmQJoZrbWzEdEE0o2IyWtgAf3o8Li7H8T4Izt+p6V+VSrfYwyyePjtAxOkU+qqAaukR1FCCKJHpCz+jFeXRenTfnfdaac+aZHqIlOB/fhmKX7Q==</latexit><latexit sha1_base64="/11Q/nHoXVxaPkCrb1AQBRY8g8M=">AAACAXicdVDLSgNBEJyNrxhfUY9eBoPgadmVQMwt4MVjBNdEkhBmJ7PJkJnZZaZXiEvAg3/gVX/Ak3j1S7z7IU4eQiJa0FBUddPdFSaCG/C8Tye3srq2vpHfLGxt7+zuFfcPbkycasoCGotYN0NimOCKBcBBsGaiGZGhYI1weDHxG3dMGx6raxglrCNJX/GIUwJWug26Pg5xW6bdYsl3vSmw51YtKuU5qfr4xyqhOerd4le7F9NUMgVUEGNavpdAJyMaOBVsXGinhiWEDkmftSxVRDLTyaYHj/GJVXo4irUtBXiqLk5kRBozkqHtlAQG5rc3Ef/yWilE552MqyQFpuhsUZQKDDGefI97XDMKYmQJoZrbWzEdEE0o2IyWtgAf3o8Li7H8T4Izt+p6V+VSrfYwyyePjtAxOkU+qqAaukR1FCCKJHpCz+jFeXRenTfnfdaac+aZHqIlOB/fhmKX7Q==</latexit>

Z ! ! µ
<latexit sha1_base64="nTmRyFot5Dt32NvAOABtnSYumDQ=">AAACA3icdVDLSsNAFJ34rPVVdelmsIiuQiKF2l3BjcsKxhaTUCbTaTt0JgkzN0INBVf+gVv9AVfi1g9x74c4fQit6IELh3Pu5d57olRwDY7zaS0tr6yurRc2iptb2zu7pb39G51kijKPJiJRrYhoJnjMPOAgWCtVjMhIsGY0uBj7zTumNE/iaximLJSkF/MupwSM5N+e4ABIhgOZtUtl13YmwI5dM6hWZqTm4h+rjGZotEtfQSehmWQxUEG09l0nhTAnCjgVbFQMMs1SQgekx3xDYyKZDvPJySN8bJQO7ibKVAx4os5P5ERqPZSR6ZQE+vq3Nxb/8vwMuudhzuM0AxbT6aJuJjAkePw/7nDFKIihIYQqbm7FtE8UoWBSWtgCfHA/Ks7H8j/xzuya7VxVyvX6wzSfAjpER+gUuaiK6ugSNZCHKErQE3pGL9aj9Wq9We/T1iVrlukBWoD18Q05NZjh</latexit><latexit sha1_base64="nTmRyFot5Dt32NvAOABtnSYumDQ=">AAACA3icdVDLSsNAFJ34rPVVdelmsIiuQiKF2l3BjcsKxhaTUCbTaTt0JgkzN0INBVf+gVv9AVfi1g9x74c4fQit6IELh3Pu5d57olRwDY7zaS0tr6yurRc2iptb2zu7pb39G51kijKPJiJRrYhoJnjMPOAgWCtVjMhIsGY0uBj7zTumNE/iaximLJSkF/MupwSM5N+e4ABIhgOZtUtl13YmwI5dM6hWZqTm4h+rjGZotEtfQSehmWQxUEG09l0nhTAnCjgVbFQMMs1SQgekx3xDYyKZDvPJySN8bJQO7ibKVAx4os5P5ERqPZSR6ZQE+vq3Nxb/8vwMuudhzuM0AxbT6aJuJjAkePw/7nDFKIihIYQqbm7FtE8UoWBSWtgCfHA/Ks7H8j/xzuya7VxVyvX6wzSfAjpER+gUuaiK6ugSNZCHKErQE3pGL9aj9Wq9We/T1iVrlukBWoD18Q05NZjh</latexit><latexit sha1_base64="nTmRyFot5Dt32NvAOABtnSYumDQ=">AAACA3icdVDLSsNAFJ34rPVVdelmsIiuQiKF2l3BjcsKxhaTUCbTaTt0JgkzN0INBVf+gVv9AVfi1g9x74c4fQit6IELh3Pu5d57olRwDY7zaS0tr6yurRc2iptb2zu7pb39G51kijKPJiJRrYhoJnjMPOAgWCtVjMhIsGY0uBj7zTumNE/iaximLJSkF/MupwSM5N+e4ABIhgOZtUtl13YmwI5dM6hWZqTm4h+rjGZotEtfQSehmWQxUEG09l0nhTAnCjgVbFQMMs1SQgekx3xDYyKZDvPJySN8bJQO7ibKVAx4os5P5ERqPZSR6ZQE+vq3Nxb/8vwMuudhzuM0AxbT6aJuJjAkePw/7nDFKIihIYQqbm7FtE8UoWBSWtgCfHA/Ks7H8j/xzuya7VxVyvX6wzSfAjpER+gUuaiK6ugSNZCHKErQE3pGL9aj9Wq9We/T1iVrlukBWoD18Q05NZjh</latexit>

Compare to low energy constraints

Also see A. GreljoÕs talk for D-meson decays 
vs pp > tau nu


